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PREFACE 

TO THE FIRST EDITION. 

f HAVE long felt the want of a Class Book, which 
should be to the starry heavens, what Geography is 
to the earth ; a work that should exhibit, by means 
of appropriate delineationsi the scenery of the 
heavens, the various constellations arranged in 
their order, point out and classify the principal 
stars, according to their magnitudes and places, 
and be accompanied at the same time, Mrith such 
familiar exercises and illustrations, adapted to 
recitation, as should bring it within the pale 
of popular instruction, and the scope of juvenile 
understandings. 

Such a work I have attempted to supply. 1 have 
endeavored to make the descriptions of the stars so 
familiar, and the instructions for finding them so 
plain, that the mosf inexperienced should not fail 
to understand them. In accomplishing this, I have 
relied but little upon globes and maps, or books. 
I very early discovered that it was an easy matter 
to sit down by a celestial globe, and, by means of 
an approved catalogue, and the help of a little 
graduated slip of brass, make out^in detail, a minute 

(vii) 
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description of the stars, and discourse quite fami- 
liarly of their position, magnitude and arrangement, 
and that when all this was done, I had indeed given 
the pupil a few additional facilities for finding those 
stars upon the artificial globe, but which left him, 
after all, about as ignorant of their apparent situa- 
tion in the heavens, as before. I came, at length, to 
the conclusion, that any description of the stars, to 
be practically useful, must be made from a careful 
observation of the stars themselves, and made at 
the time of observation. 

To be convinced of this, let any person sit down 
to a celestial globe or map, and from this alone, 
make out a set of instructions in regard to some 
favorite constellation, and then desire his pupil to 
trace out in the firmament, by means of it, the vari- 
ous stars which he has thus described. The pupil 
will find it little better than a fancy sketch. The 
bearings and distances, and especially, the compar- 
ative brightness, and relative positions, will rarely 
be exhibited with such accuracy that the young 
observer will be inspired with nmch confidence in 
his guide. 

I have demonstrated to myself^ at least, that the 
most judicious instructions to put on paper for the 
guide of the young in this study are those which I 
have used most successfully, while in a clear eve- 
ning, without any chart but the firmament above, I 
have pointed out, with my finger, to a group of 
listeners, the various stars which compose this and 
that constellation. 
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In tluB way, the teacher will describe the stara 
as they actually appear to the ptipil — taking ad- 
vantage of those obvious and more striking features 
that serve to identify and to distinguish them from 
all olliers. Now, if these verbal instructions be 
committed to Writing, and placed in the hands of 
any other pupil, they will answer nearly the same 
end. This is the method which I have pursued in 
thifi work. The descriptive part of it, at least, was 
not composed by the light of the sun, principally, 
nor of a lamp, but by the light of the stars them^^ 
selv«0. Having fixed upon the most conspicuous 
star, or group of stars, in each constellation, as it 
passtd the meridian, and with a pencil carefully 
noted all the identifying circumstances of position, 
bearing, brightness, number and distance — their 
geom^rical allocation, if any, and such other de- 
8cripti\e features as seemed most worthy of notice, 
I then ^turned to my room to transcribe and classify 
these nemoranda in their proper order ; repeating 
the sam^ observations at different hours the same 
evening,and on other evenings at various periods, 
for a sucassum of years; always adding such emen- 
dations an subsequent observations matured. To 
satisfy myself of the applicability of these descrip- 
tions, I hare given detached portions of them to 
different pupils, and sent them out to find the stars ; 
and I have generally had the gratification of hearing 
them reportithat ** every thing was just as I had 
described itJ( If a pupil found any difficulty in 
recognizing f^star, I re-examined the description 

\ 
\ 

\ 
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to see if it could be made be1;ter, and when I found 
it susceptible of improvement, it was made on the 
tipot. It is not pretended, however, that there is 
not yet much 1:00m for improvement ; for whoever 
undertakes to delineate or describe every visible 
star in the heavens, assumes a task, in the ac- 
complishment of which he may well claim some 
indulgence. 



PREFACE 

TO HI7CHEL'8 EDITION. 

The extraordinaiy discoveries .which have mark- 
ed the History of Astronomy, during the last few 
years, demand corresponding changes in the books 
designed for the instraction of those who seek a 
knowledge of this science. Feeling confident that 
nothing can be more important, than the famishing 
of our schools with valnable elementary works in 
science, J have been indnced to undertake the 
revision and the re-writing of a large part of the 
well known school book, The Geography of the 
Heavens. In consequence of the rapid advance in 
Astronomy, and the important change, which has 
recentiy commenced in our country, in the mode 
of prosecuting its study, this revision has become ab- 
solutely necessary. When this work first appeared 
there were very few telescopes in the United 
States, and of these a very small proportion were 
employed in th6 schools and academies, as means 

of instruction. Hence, at that time, any descrip- 

« 

tion of the telescopic objects, found within the 
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limits of the several constellations, would have 
been almost useless. Within the last six years a 
new era in Astronomical science has dawned on 
our country. A zeal and ardor has been aroused 
in its behalf, which, at one time, was regarded as 
quite impossible, in consequence of the peculiar 
nature of our government and institutions. The 
reproach ceuit upon us by Europeans, for our utter 
neglect of science, if ever juat, is no longer so. 
Only a few years have passed, since the first effort 
was made to arouse Ibe American people to the 
importance of the cultivatioa of Astronomical 
sci^Qoev and we now are iible to point to no less 
than three first clasA observatories, all erected 
within the laat five yeiUcs, at points widely dis- 
tant from eadi other. The exan^le thus set in 
the West and ihe Ba^t, has prompted to active 
effort in many parts of our CKHUitry, and, at this 
time, there is scarcely a biAmk)! or college of any 
rank, at which it has not been resolved to attempt 
the founding of an AstronojniQal Observatory, of 
greater or less magnitude. To meet these rapid 
changes in tilie mode of conveying die truths of 
Astronomy, and to present, in simple and intelligible 
form, the results of the recent inpiportant d^overies, 
will be the main objects of attention in the revisi<ln 
of this work. 
A large part of the Mythological notices vidll be 
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omitted, aa less important than the description of 
telescopic objects found in the varions constella- 
tions. These objects, consisting of nebaleB, clusters, 
double, triple, multiple and biaaty stars, rich fields 
and vacant spots, will be noticed, and described, 
their places given, and drawings of the more im- 
portant objects, with a note of the diameter of the 
object glass which will show thenitand render their 
observation possible. 

Among the new topics treated, we may notice 
the following as some of the move important. 

The subject of the binary and double stars, their 
distances and periods of f evolution^ has engaged 
the attention and talent of many of the best As- 
tronomers of the .world, for the last twenty years. 
These revolving suns will be found to fill their 
appropriate places in the revised work. The en- 
larging of the limits of the solar system, by the 
discovery of a planet exterior to Uranus^the extra- 
ordinary means of its discovery, its subsequent 
history, and the elements of its orbit, constitute a 
topic of deep interest ; add to this the discovery of 
five new asteroids^ within the last two years^ and 
the perfection of the tables of all the old planets^ 
and we find most important advances in our knowl- 
edge of the solar system. 

In the structure of the Sidereal Heavens, and our 

knowledge of the distribution of the stara in space* 
B 
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little ha<) b^en done after tlie death of Sir W. 
Hersohel, until i;dtbin the last few years. The dits* 
covery of the actual diitonce of a fixed star, by 
Beesel) gave a new impulse to the investigation of 
these sublime sulgeets. This triumph of Bessel 
was speedily followed by many others, of a like 
kind. M. Ai^lander demonstrates the motion of 
the sun and solar system in space, and fixes the 
point towards whiqh it is moving ; M. Otho Struve 
determiner its annual angular motion as seen from 
the fixed stars of the first magnitude ; and, finally, 
M. Betera, of Russia, fixeis the distance of the stars 
of the second magnitud^^ fh>m the mean parallast 
of some thirty stai«, deduced from observatidn. 
With these data, and the preceding investigations 
of Sir W. Hersohel, M. Str(i\'e, of Pulkova, Russia, 
commences a discussion of the distribution of the 
stars in space ; the populousness of the Mlky Way 
and the heavens, generally, in stars; determines the 
relative distances of the spheres of the fixed stars 
of the difibrent magnitudes ; and, finally, their abso- 
lute dfstanees, and die actual velocity of the sun 
and solar system through spaced If we add to 
these topics the discoveries by Lord Rosse's great 
reflector, the ehang^s in the viewst hitherto enter- 
tained on the subject of La PlaoeV nebular hypd^ 
thesis, and Midler^s tiibiiry of the great eentiieil 
sun^ we find: that! thfe Issitfow years hiive been, tkr 
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most wonderful, and the most fruitful, in the whole 
history of Astronomy since the time of Newton. 

The necessity of a new edition of the Geography 
of the Heavens need not be urged, after what has 
been said. To meet the demands, a new set of star 
charts have been prepared expressly for this work, 
and the text will be found to conform to these 
charts. 

V 

/ 

MoiJTT AsAMB, May lit, 184S. 
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PRELIMINARY CHAPTER. 

The phenomena of the heavenehave excited the 
cariosity, and fixed the attention, of mankind, in all 
ages of the world. The beautiful, clustering of the 
bright stars, the moving planet*, the extra<Nrdinary 
changes of the moon, the phenomena of the day 
and night, were themes for study at a period so 
remote, that neither hist^Nry nor ^adition reach far 
enough back in the past, to tell as when or by 
whom, these researches were commenced, or prose- 
cuted. From the earliest ages, down to the present 
time, the science of astronomy has presented prob- 
lems, taxing the highest powers of the human in- 
tellect, and requiring for theit* solution the most 
profound reasoningi the most accurate observation, 
the most powerful instruments^ and an ardor, perse- 
verance and devotion, which have signalized huhian 
efibrt in no other department of scientifio research. 
<^ The heavens declare the glory of God," and the 
successful examination of these same heavens, has 
most perfectly demonstrated that other great truth, 
that man has been made ^ but a little lower dian the 
angels." By the efibrt <^ his genius, he has risen 
to a knowledge of the structure and law« of the 
universe, he has vindicated the wisdom of God, in 
the beautiful adjustments of the moving planets, 
and the harmonious revolutions of a multitude of 
worlds, linked together by a mysterioua bond. He 
b2 (17) 
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has extended the dominion of law to the remote 
stars, and has computed the periods of these far 
distant orbs. But Uiese sublime results have not 
been obtained by any single individual, or by any 
one nation. The gfeat problem of the universe 
has been given to the human race, and its solution 
has been the progressive work of all nations, in all 
ages, for the last six or seven thousand years. At 
the end of this vast period, we gather the fruits of 
all - preceding efforti and condense into narrow 
limits that knowledge, to gain which, has required 
the highest intellectual activity of the best minds 
which have adorned the earth. 

In looking out, of a clear night, on the starry 
heavens, we find a multitude of brilliant objects, 
scattered over the sky, without any law or order in 
their distribution. We readily remark a great dif- 
ference in the brilliancy of the stars, and our 
attention is soon fixed upon certain groups of 
brighter objects, whose configurations, or relative 
positions^ enable us to find them, readily, when 
they are in the visible heavens. The diversity in 
bri^tness has occasioned the classification of the 
stars, in order of their brilliancy. The brightest 
occupy the first class, and are called stars (fVieJirsi 
magrdtvde. Of these there are only a few. j^om 
the brightest stars down to those just visible to the 
naked eye, the scale has been so divided that it 
comprehends six magnitudes^ the number of stars in 
each class increasing as the brightness of the class 
decreases. We have six magnitudes visible to the 
naked eye, and then the telescopic stars carry the 
series down to the sixteenth magnitude, and even 
still lower. In the description of any star, then, we 
must always give its magnitude, as one means of 
fixing its identity. But as there are many stars in 
each class, the magnitude, alone, would not serve 
to point out a particular stiQr. In the early ages 
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of astronomy, the heavens were divided into certain 
subdivisions, or groups of stars, Called ctmstdlaticms; 
and the figure of some animal, or other object, was 
assigned, whose outline would embrace all the stars 
in a given constellation. These subdivisions have 
been retained in modern times, and although at- 
tended with many inconveniences, they are too 
firmly fixed, and too intimately woven, in all works 
on astronomy, ever to be changed. 

There is no resemblance between the configura- 
tion of the stars, and the object, whose name is 
assigned to the group ; yet when the limits of the 
constellation, as fixed by the outline of the object 
whose name it bears, becomes accurately known 
and laid down on maps, these subdivisions, or 
constellations of stars, greatly assist in obtaining a 
knowledge of the heavens. We may even identify 
a star, by knowing it is the brightest of a given 
constellation. To render it possible to designate 
the stars of each constellation, they have been 
named after the letters of the Greek alphabet, until 
these are exhausted, calling the brightest star after 
the first letter, and so on down. In case the num- 
ber of letters is insufiicient to give names to all the 
visible stars in a constellation, the Roman alphabet 
is called into use, and after this is exhausted, the 
Arabic characters, 1, 2, 3, &c., are employed. Thus 
we call the brightest star in the constellatioi;! of the 
Swan, a Cygni, or Alpha of the Stvan; the next 
brightest in the same constellation is called ^ Cygniy 
or Beta of the Swan ; Cygnus being the Latin for 
SuHzn, and Cygni, meaning of the Stvan, The same 
is true of the other constellations, the Latin names 
being always retained in the designation of the 
stars. 

If the constellations contained a very few stars, 
and those of marked difierence of magnitude, this 
mode of designating them might be sufiicient for 
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their identification and description. But in^ con- 
sequence of the multitude of stars, and the difficulty 
of distinguishing them from each other by their 
magnitudes, it has become necessary to fix their 
positions in the heavens, as the places on the 
earth's surface are fixed by their longitude and 
latitude. The corresponding term^ applied to 
heavenly bodies, are right a9censian and d^imnium^ 
which terms we proceed to define. 

To us the sun appears to move among the fixed 
stars, and in the course of one year to return again to 
the point of departure. If his track could be mark- 
ed by leaving behind him a bright line of fire, this 
line would be found to be a circle traced out among 
the fixed stars, and this track of th^ sun is called 
the ecliptic. 

There are two points in this track of especial 
interest, from the fact that on the days when the 
sun occupies them, the length of the day and night is 
exactly the same, each being twelve hours. These 
points, on the ecliptic or sun's track, are called the 
equinoctial points. The one through which the sun 
passes in tixe spring is called the vernal eqidnox, that 
occupied by the sun in autumn is called the autumnal 
equinox. 

Each day and night the sun, €md other heavenly 
bodies, appear to describe circles in the heavens, 
called diurnal circles. They are all parallel to* 
each other. That diurnal circle described by the 
sun, at either equinox, is called the cdestid equaior, 
or the equinoctial. If the equinoctial could be marked 
by a line of fire in the heavens,) it woulcj^be found 
to cut the sun's track, or the ecliptic, in two opposite 
points, which we have already called the equinoctial 
paints. To fix the place of a star, or other heavenly 
body, it is referred to the equinoctial^ or celestial equa- 
tor. A star on the north side of the equinoctial is 
in northern dedina^on^ and one on the south side of 
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the t»ame circle is in sautkem dedination. To meas- 
ure the distance of any object in the heavens, north 
or south of the equator, an imaginary circle is drawn 
through the object perpendicular to the equator, and 
the distance measured on the circle thus drawn from 
the object to the equator is called its dediruitum. 
Knowing the declination of a star, north or south 
of the equator, does not suffice to fix its place in 
the heavens. It only locates It on the circumfer- 
ence of a small circle parallel to the equator, and 
distant from it by an amount equal to the known 
declination of the object. To fix the exact point 
of the object on this small circle, it is only neces- 
sary to know how far the circle, drawn through the 
object and perpendicular to the equator, cuts the 
equator from the vernal equinox. This distance 
measured on the equator, from the vernal equinox 
round eastvrard, is called the right ascension. Any 
circle drawn through a heavenly body, and perpen- 
dicular to the equator, ia called a meridian. That 
meridian which passes through equinoctial points, 
is called the prime meridian^ or the equinoctial co- 
lore. Any star, or heavenly body, situated on the 
prime meridian, has no right ascension, or its right 
ascension is equal to zero. In case the equator be 
divided into twenty-four equal parts, and meridians 
be drawn through the points of division, these 
meridians are called hour cirdes. A heavenly body 
situated on the first hour circle, east of the vernal 
equinox, has one hour of right ascension ; if it be on 
the second hour circle, east, it will have two hours 
of right ascension, and sO round, through the twenty- 
four hours of right ascension to the vernal equinox 
again. 

That point in the heavens, directly above us, in 
which a perpendicular to the surface of still water, 
carried upward, would pierce the celestial sphere, is 
called ti^e zenith. If the same perpendicular be 
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conceiv|B4 to pass downward and pierce the lower 
hemisphere, me point of piercing is called the noMr. 
The circle perpendicular to the equator, and passing 
through the zenith of any place, is called the 
meridian of that place, All points on the earth^s 
surface in the same longitude, will have the same 
meridian. 

The instant when the vernal equinox reaches the 
meridian of any place on the earth's surface, is the 
beginning of the sidereal dojf^ which terminates when 
the vernal equinox shall have passed entirely round 
and returned to the meridian again. A clo<^, or 
watch, so regulated as to mark hours at the in- 
stant when ^e vernal equinox is on the iperidUan 
of a given place, and to mark the hours from to 
twenty-four hour9, is called a sidereal clock, and 
keeps sidereal time. It will be found that the right 
ascension (marked R. A.) of each olgect la given in 
this work. In case the right ascension of a star is 
3 h. 12 m. 10 s., it tells us that it will reach the 
meridian 3 h. 12 m. 10 s. after the vernal equinox 
has passed it. If the time, acr shown by a sidj^real 
elock> is less than the K. A. of a star, then the star 
has not yet reached the meridian ; on the contrary, 
should the time indicated by the sidereal clock be 
greater than the R. A. of any object, then iixe ol^ject 
has already p^sed the meridian, and is loest of it 
by an amount eaual to the difference between the 
sidereal time find the R. A. To render this clear, 
take the following examples. 

The R. A. of a star is 4 h. 26 m. 10 s.,the sidereal 
time is 3 h. 15 m. 25 s. Is the star east cht west of 
the meridian ? It is east of the meridian, and to 
find the amount by which it is east, 

From the R. A. = 4 S6 10 

Bdbttact 3 16 36 the time. 
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In case the sidereal time is 5 h. 12 m. 20 »., then 
the star has already passed the meipidian, and is 
west by an amount found as fit^ows : 

X. M. t. 

From the thne = ^ 1% SO 
8iibmettheA.Rs=:4 96 10 
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Or the star is h. 46 m. 10 s. west of the meridian. 
Any one possessing a sidereal time piece, whether 
clock or (mronometert will find no difficulty in fixing 
the place of a heavenly body, as to its angular dis- 
tance east or west of the meridian, at any hour in 
the twenty-four. The declination of the object, 
shows its distance north or south of the equator, 
and combining the two, the A. R. and the Declina- 
tion, we have the exact position of ,the object in 
question. It frequently happens that persons are 
not provided with sidereal time pieces, but may 
possess very good solar clocks, chronometers or 
watches. Mean solar time is reckoned from the 
instantythat the center of the mean sun (or one 
moving with the mean motion of the true sun), is 
on the meridian. It difiers from sidereal time, by 
3 m. 56.5554 s. in each tWenty-four hours, or a 
sidereal clock gains that amount daily on a mean 
solar clock. Hence we perceive that meatn solar 
and sidereal time seldom, if ever, aj^ee. When 
any heavenly body is on the meridian of a given 
place, a well regulated sidereal clock will show the 
time exactly equal to the right ascension of the body. 
No such relation exists between mean sdar time and 
the right ascension. 

To find the instant that ah oI]9ect) whose right 
ascension is given, reaches the meridian in mean 
solar time, or that shown by ordinary clocks and 
watches, the following table has been computed. 
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31 
27 
22 



M 



14 
Otf 



1^ 



h. 
3 01 



315 04 
46 00 
6 4 66 



64 

7!4 

8 

9 



51 
47 



10 

11 
13 
13 
14 
15 



443 
38 
34 



4S9 
4 26 
4 21 
4 16 
4 IS 



16 4 

174 
183 
I9I3 
20 3 



21 
22 
23 
24 
25 

26 

27 
28 
S0 
30 



09 
04 
69 
56 

61 

47 
42 
38 
84 
30 



67 
263 

2 49 

3 46 

2 41 
837 
2 33 
229 
225 

2 21 
2 17 
2 13 
2 09 
2 05 

9 01 
1 B7 
1 64 
1 50 
1 46 



April. 



h* n. 
23 18 



1 12 
1 06 
1 04 
1 0123 07 



23 15 
S3 11 



Mqr. 



57 

063 
49 
046 
42 
U 38 

036 
31 
027 
024 
20 



h. 
21 
21 
21 
21 



23 04:21 



2719 

28 

10 

16 

12 



23 00<21 08 
22 56 21 04 
22 53 21 00 
22 49 20 56 
22 45 20 52 



22 42 
22 38 
22 34 
22 31 
22 37 



16 22 23 



13 
09 
06 
02 



4283 66 
38 23 65 
34 23 61 



31 
87 



31 13 



26 

21 

17 1 

18 

09 

06 



23 47 
23 44 



93 23 
19i23 
16 23 
14 23 
...23 



40 
36 
S3 
29 
26 
23 28 



22 20 
22 10 
22 12 
92 06 

22 05 
29 01 
21 57 
21 53 
21 50 

21 46 
21 42 
21 38 
21 35 
81 31 



20 44 
20 41 
80 37 
20 33 

20 29 
20 85 
20 31 
20 17 
20 13 

90 09 
20 05 
80 01 
19 57 
19 53 

19 49 
19 46 
19 41 
19 37 
19 32 
19 28 



h. 

24 
19 26 
19 16 
10 12 
19 08 



Jaij. 



Ivai- 
17 80 
17 16 
17 12 
17 06 
17 04 



h 

16 

15 



15 
U 



10 04 16 59 
19 00 16 55 

18 56 16 51 
18 51 16 47 
18 47 16 43 



20 48 18 43 16 39 



18 30 16 35 
18 35 16 31 
18 81 16 97 

18 2716 23 



15 07 
15 04 

15 00 



14 56 13 01 



18 22 16 



S2 1( 
18 1( 



18 18 16 
18 14 16 
18 10 16 

18 06 16 



19 
16 

U 
07 
0.5 



18 02 15 59 
17 67 15 55 
17 58 15 51 
17 49 15 47 
17 46 15 4:i 

I 
17 41 16 39 
17 37 15 35 
17 33 15 31 
17 98 15 27 
17 34 15 33 
... 15 19 



14 52 
14 48 
14 44 
14 41 

14 37 
14 33 
14 29 
14 26 
14 22 

14 18 
H 14 
14 II 
14 07 



b. 
13 
13 



19 
16 



13 12 
13 08 
li 05 



12 57 
12 54 
12 50 

12 47 



13 39 
12 36 
12 38 

12 29 

13 25 

12 21 

13 18 
12 14 



Osl. 



h. m. 
11 31 
11 87 
11 24 
11 20 
11 17 

11 13 

11 09 
11 06 
11 0-2 

10 58 



Nov. 



12 43 10 65 



14 03 12 11 

13 59 12 07 
13 56112 03 
13 62113 GO 
13 48 11 
13 45 11 



56 

53 



49 
45 



13 41 11 
13 37 11 
13 34 11 42 
13 SOU 38 
13 26 11 
13 23i-- 



35 



10 61 
10 47 
10 43 
10 40 

10 36 
10 32 
10 28 
10 25 
10 81 

10 17 
10 13 
10 10 
10 06 
10 02 

958 
9 64 
9 50 
9 47 
9 43 
9 39 



9 35 
931 
9 27 
S23 
9 19 



15 
11 
9 07 
9 03 
8 59 



8 55 

8 51 

8 47 
843 
8 30 

835 
8 30 
836 
822 
8 18 

8 14 

8 00 
8 05 
8 01 
7 67 



16 
14 



63 
48 
7 44 

7 40 
7 3r> 



709 
7 06 
7 01 
6 56 
6 52 

6 47 
6 43 
39 
6 34 
630 



25 
21 
16 
12 
06 



603 
5 59 
5 54 
650 

5 46 

6 41 

5 36 
82 

6 28 



23 
19 



A few examples will suffice to explain the use of 
this table* 

Given the A. R. of Sirins — 6 h. 38 m. 07 s. — 
required the apparent time of its meridian passage, 
on January 11th. 

Rule. — To the number placed opposite the daUy add 
the A. R.cf the star^ as found in this vxjrk. 

Thus: A.R.of8iiini3s6 88 07 
TabnlarNo. 4 29 00 



omii 



11 07 06 
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Or Siriuo passes the meridian at 11 h. 07 m. 08 s. 
appareni time. 

EXAMPI4E. — Required the apparent time of the 
Vs. meridian passage of VegUy on May 30th. 

A.ILofVegas= 18 si U 
Tabolv No. ss 19 3S 00 



Sum 3= 38 Oa 84 
* SoMiact 34 hoora 34 00 00 



Meridian pawage 14 03 34 appaimt time. 

It will be noticed that the foregoing computations 
have been made for apparmd time. This is slightly 
different from the time shown by clocks and watches, 
called mean time. AppareM noon is the exact in- 
stant when the true sun's center is on the meridian. 
In consequence of the apparent irregular motion 
of the sun, there is a variable difference between 
cgrjparent or true limey or that shown by the sun, and 
mean time^ or that shown by the clock. 

Since We rely for our time on the clock, we here 
present a table which will exhibit the mean days in 
the year, on which a clock or watch, regulated to 
mean time, wlU be an even number of minutes faster 
or slower than the sun. 

From this table it is easy to reduce the apparent 
Hum of any Boeridian pttsage, found by the pre- 
ceding table, to mean or clock time. To be rigidly 
accurate, the eorrec^on should be taken from the 
nautical almanac, o^ other accurate ephemeris, but 
for ordinary gazing these tables are quite sufficient. 

* In case the ram produced by adding to the tabular number oppoaile 
the given date the A. R. of the star, or olfaer heavenhr body, be greater 
thmi tvfcnty-tinir bovDiy frnn the ram sobtiaet tweutj^oKB bom, and tibe 
lemainder will be the anpaieiit tune of meiidiaB paNiage^ 

C 
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iss: 

in 



ISr 

in 

miB. 



la 
Bin. 



TSoT 
Dm. I In 

' llB. 



Jan. 

u 
u 
u 
u 

u 
u 
u 
u 

Feb. 
' u 

Mar. 

(i 



11 

14 
16 
19 
23 
27 

3 
26 

4 



4 

5 
6 

d 

9 
10 
11 
12 
L3 
14 
13 
IS 



811 



DV. 



Mar 

« 16 



it 
u 
u 



19 
2i 
25 



April 1 
" 4 
7 



u 
u 



11 
« Ifi 

" 24 



12(10 
9 

7 

ff 
4 
3 
2 
1 

1 
2 



F 
F 
F 
F 



F 
F 
F 
F 
F 
F 

8 

S 



Oa^ 



May 1 

'» 15 

JuiM 5 

^ 11 

u 



u 
tt 
u 



16 
10 
24 
20 

July 4 
« 10 
« 21 

Aug. to 



in 
■lin. 



8 

8 



Dig* 



S Aug. 10 4 
♦' 80!3 
^ 84.12 
« 281 



SSept. 

F 
F 



F 
F 
F 
F 






u 



9 
13 
15 

18 
21 

S4J 



Dajv. 



8ej,t 
Oct. 

M 
tt 
tt 
tt 
«« 

Not. 
t« 



F 
F 
F 
F 

8 
8 
8 
8 
8 

8 •• 
8 '• 
8 Dee. 



27 
80 

3 

6 

10 

14114 




10 

u 

12 
^3 



15 
16 



10 
87 
16 
20 
24113 
27:12 
3|l0 



15 
14 



8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
6 
8 



Dayi. 



Dec. 59 8 
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«( 



IB 



10 

12 

14 
16 
18 
20 
22 
24 
26 
28 
30 



8 8 
7 8 
6 8 
5 8 
4 8 
3 8 
2 8 
1 8 


1 F 

2 F 

3 F 



Now, returning to the examples already given 
of the meridian passages of Sirius and Vega ; the 
first of these stars was found to culminate or pass 
the meridian at 11 h. 07 m. 08 s. apparent timey on the 
11th Jan. By the last table, on the 11th of Janu- 
ary, the clock is 8 m. faster than the sun. Hence 
the culmination by the clock will take place at 
lOh. 50m. Ods. 

Again, Vega was found to culminate at 14 h. 03 m. 
34 s., on the 30th May, apparent time. By the 
preceding table, on the 28th of May the clock was 
3 m. slower than the sun, and gaining one minute 
in 7 days, or about 9s. per day. On the 3(Hh the 
clock will be slow, about 2 m. 42 s.; and hence 
Vega will culminate, by the clock, 14 h. 03 m. 848. 
+ 2m. 428. ^ 14 h. 06m. lOs. 

These approximations are sufficiently accurate 
for ordinary purposes. 

The first table will not be in error more than 1 m. 
for twenty years, when the stars will culminate 
about one minute later than shown by the table. 

From all the foregoing considerations we deduce 
the following definitions : 

The magn^ude of a star is its brightness compared 
with any star assumed as a standard. 

A star of the 1^^ magniiude is of the highest order 
of brightness. 
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All stars below the ^th magnUnde are only rendered 
visible by telescopic aid. 

A constdlation^ is a group of stars falling within 
the limits of the outline of any animal or object 
whose name it bears, and whose figure is conceived 
to be drawn in the heavens, and is actually drawn 
on globes and maps of the heavens. 

The edipHc, is the path which the sun appears to 
describe in a year among the fixed stars. 

The equator or the equinocticdy is a great circle cut 
from the heavens by producing the plane of the 
earth's equator to meet the celestial sphere. The 
equinoxes are the points in which the celestial equa- 
tor and the ecliptic cut each other. 

Diurnal cirdes, are those circles which the heaven- 
ly bodies appear to describe eveiy twenty-four 
hours. They are all parallel to the equator. 

Meridians, are great circles perpendicular to the 
celestial equator, and meeting in the points called 
the norA and saiuh poles of the heavens. 

Hour cirdesy are meridians, cutting the equator so 
as to divide it into twenty-four equal parts ; the 
first point of division being at the vernal equinox. 

The zenith, is the point in which a perpendicular 
to the surface of still water, pierces the celestial 
sphere above. 

The nadir, IB where the same perpendicular pierces 
the celestial sphere below. 

The meridian of any place, is the great circle, per- 
pendicular to the celestial equator, and passing 
through the zenith of the place. The right ascension 
of a heavenly body, is its distance east of the vernal 
equinox, reckoned on the celestial equator. 

The declination of a heavenly body, is its distance 
north or south of the equator, measured on a meri- 
dian passing through the heavenly body. 

The declination is expressed in degrees, minutes 
and seconds, of a great circle, and is expressed by 
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these i^ymbols, ^ ' ". Thds we write 12 degrees, 
17 minutes, 10 seconds : 12^ 17' 10''. 

A sideredday^ is the interval from the instant the 
vernal equinox is on the meridian of a given place, 
tiU it again reaches the same meridian. 

A trwB solar day^ is the interval from the instant 
the center of the true sun is on the meridian of a 
given place, till it again reaches the same meridian. 

A mean solar doff, is the interval from the instant 
that the center of an imaginary sun (moving with 
the mean daily. mption of the true sun) is on the 
meridian of any given place, till it reaches again 
the meridian of the same place. 

The equinoctial cdurey is a meridian passing 
through the equinoctial points. 

Parallels of dedinatiofiy are small circles, north or 
south of the equator, and parallel to it. 

The rational horizon, is a plane. passing through 
the center of the earth, ^nd perpendicular to the 
radius drawn to any place on the earth's surface. 
It divides the heavens into two hemisph^es, the 
upper being the visible^ the lower the innsibk hemi- 
sphere. 

Any heavenly body is in the act of rising, when 
it passes from below up through the plane of the 
rational horizon. It is setting, when in the act of 
passing below this same plane. 

The sensible horizon, is the circle limiting ^our 
view, or where the earth and sky appear to meet. 

Vertical circles, pass through the zenith, and per* 
pendicular to the horizon. 

The prime vertical^ is the great circle, which cuts 
the horizon in the east and west points. 

Before proceeding to an exploration of the 
heaveiis, it will be necessary to acquire some know- 
ledge of the classes of ol^ects, the individuals of 
which will be hereafter described. The most ca- 
sual observer cannot fail, on the first examination 
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of the heavens, to notice an irregular zone, of une- 
qual brightness, called the 3Slky Way^ which is seen 
to sweep entirely round the celestial sphere. This 
bright zone is found to consist of millions of stars, 
scattered with rich, but irregular profusion, through- 
out its entire extent. . Neu'ly all its stars are below 
the sixth magnitude, and are, of course, invisible to 
the naked eye. But .the smallest telescopic aid 
reveals multitudes of stars ; and as the power of 
the telescope is increased, the number of stars 
brought to view increases in a like proportion. 
Although, according to the investigations of modern 
science (to be more fully examined hereafter), we 
may not fix absolute bounds and limits to the mil- 
lions of stars composing the Milky Way, yet if we 
confine our examinations to the richer or denser 
portions, we are able to assign a figure within 
whose limits the Milky Way will be confined. 
Were it possible to enclose all the stars composing 
the Milky Way in isome opaque envelope which 
would shut them out from all space beyond, within 
this envelope and not ver}' far from its center, our 
own sun, itself a fixed star, would be found. Having 
thus enclosed the stars of the Milky Way in imagi- 
nation, it is found that the space on the outside of 
this envelope is not void space. Very far beyond 
this limit, the telescope has revealed objects of 
greater or less brightness, which, when examined 
with powerful instruments, are found to consist of 
millions of minute points, grouped together, and 
assuming all possible forms, among which the glo- 
bular manifestly predominates. These are called 
dvster$ of stars, and are in many instances so large, 
as to occupy as much, if not more space than that 
taken up by the Milky Way, and containing, inall pro- 
bability, as many stars. These magnificent clusters 
are so remote, that the telescope may often grasp, at 
one vie w, their vast extent, and innumerable millions 
c2 
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of stars. Other bright oli^ects are seen beyond tiie 
limits of the stars composiag the Milky Way^ wUeh 
assume al^ possible shapesi and which, in many 
respects, resemble the clusters ; with this difierence, 
that no telescopic power has ever revealed' any 
stars within their limits. These are called mbi^cB^ 
or faint luminous clouds. Among the nebulss, some 
present characteristics which indicate Xh^ fact, that 
in case they could be examined v^ith greater tele- 
scopic power, they would be found to be composed 
of stars too remote to be seen separately, but whose 
combined light reaches us from iheir vast distances^ 
and shows them as faint luminous clouds. There 
are others which exhibit no such characteristics, 
and which many astronomers believe consist of 
luminous matter, resembling thal^ composing the 
tails of comets. These are called irresolvable Tubuiof. 
In thi^ class, the most remarkable are the planeiary 
nebvIcBf so called from the fact that they present 
disks, very like those of the planets, with a lumi- 
nous surface of uniform brightness. They resemble 
the very distant planets. of our syste^, and are, in 
some instances, only a little less bright. 

Among the stars we reckon the foUovnng classes, 
viz. : 

Single stars^ doMe stars, multiple starSy Hnarjf stars^ 
periodical or variable stars^ Jiew starB^ and ^dndaus 
stars. - 

Single stars, are those w^hich, to the naked eye, 
and under telescopic examination, are found to 
consist of one Individual star. 

Double stars, are those which, to the naked eye, 
appear single, but which, under telescopic exami- 
nation, are found to consist of tioo stars. Some- 
times the component stars are equal, at other times 
they are very unequal, the relative magnitude and 
distance being different in every set. 

Mdtiple starSf are such as are seen single, by the 
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nak^d eye, but which the telescope fiadif compoi^d 
of three or more componenU. 

Binary starSf are double stars, in which the ooi»> 
pouents have been found to be united in audi H 
way that they revolve around each other. These 
are suns ri^volving about suns, and not a planei 
about a sun. 

Variable stars, are those which are ioUnd to under** 
go certain fluctuations in brightness. Sometimes 
diey are found to lose their light,, and actually to 
become invisible. Then they regain their brilliancy, 
by slow degrees, and reach their original brightness* 
In some individuals these changes are accomplished 
in a certain fixed period ; in other cases the fluctu^ 
ation^ of light are not governed by any known law. 

New stars, are those which have suddenly blazed, 
forth in some region of the heavens previously 
blank or vacant. They generally die away and 
disappear in the course of one or two yearcr. 

NebuIoiLS stars, are such as are surrounded by a 
faitit halo, or luminous haze of ndl}ulous matter. 

It will be readily remarked that all these objects^ 
except the single stars, are telescopic^ and are invi- 
sible to the naked eye. 

The region in the heavens about four degrees 
en each side of the ecliptic, or sun's path, is called 
the zodiac, and is remarkable as the region in which 
the sun, moon, and large planets perform their 
revolutions among the fixed stars. The cpnsteUa** 
tions, into which the stars in the. region of the zo- 
diac were divided, are doubtless among the most 
ancient in the heavens. In consequence pf the 
apparent annual motion of the sun among the con- 
stellations of the zodiac, tiie stars of thesis constel- 
lations will be successively lost in the superior 
brilliancy of the sun, and will become invisible 
while in the immediate vicinity of the sun. This 
remark is true of all tiie constellations beyond the 
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limits of the zodiac, and near enough to the sun's 
track to be above the horizon with the sun, and to 
be extinguished by his light. As we approach the 
north pole of the heavens, we find certain groups 
of st^rs or constellations which never sink below 
the horizon, lEtnd are consequently visible at all 
seasons of the year. Others, more remote from the 
north pole, sink below the horizon, and disappear 
for only a short time. 

As the stars about the south pole of the heavens 
never rise above the horizon of any place in our 
northern latitudes, they are never visible to us ; and 
to be seen to advantage, the spectator must travel 
to southern latitudes. 

The Atlas which ac9ompanies this work, contains 
detailed maps of all the principal constellations. 
Involving the st^rs down to the sixth magnitude, 
inclusive, the principal clusters, nebulsB, double 
stars, &c. The constellation exhibited on any map, 
is, in general, surrounded by its bounding constella- 
tions, so as to show their relative positions. This 
necessarily occasions the repetition of certain con- 
stellations on several maps. But the map intended 
for use, in the study of each constellation, is referred 
to in the text describing the constellation. 

As each judicious instructor will select his own 
method of teaching the constellations to his classes, 
it has been thought best not to arrange this work 
with reference to one invariable plan, which must 
be followed to render it useful, ft is, in general, 
better to study a constellation, when it occupies a 
position in the heavens far enough above the hori- 
zon to render all its stars visible. This can only 
occur at a certain season of the year ; and as classes 
will commence the study of astronomy at any con- 
venient time, this work is so arranged that the 
teacher can commence at any constellation which 
may be favorably situated for examination at the 



time when his dasii entens ttpcm the study of tiMB 
heaVens. 

In teadung the coniEiteUAtiotiB, it is eert&italy best 
to oommetiee with some one in which tiie principal 
star» are large and brilliant, and thus easihr recog- 
nised ; such as the stars in Urdfet Major, or m Lyra, 
or in Orion, or in Tanrud. Havihg adopted any 
point of departore easily recognised, it will not be 
difficalt to refer the surrounding constellations to 
ihifi point, and gradtrally to extend the examina- 
tion until it embraces 'the whole visible heavens. 

The maps present, as nearly im may be, pictures 
of the heavens, as seen with the naked eye. A 
faint outline of the figure whose name the constel- 
lation bears, is found on the map i not so prominent 
as to become the striking object, but sufficiently 
distinct folr all useful purposes of reference. These 
outlines must be retained, as the stars are most 
readily described, and their places founds by their 
positions in the constellation. Thus we c^eak of 
the bright star Albireo, in the bill of the Smn ; Al- 
debaran, in the ege of the BvUy &€. ; and by the Ich 
cality thus given, the eye seizes the object on the 
map at a glance^ 

The parallels of declination alld the hour circles 
have not been drawti on the map, to prevent con- 
fusion ; btit the degrees of declination are marked 
on the right and left of the map, and the hours of 
Right Ascension at the Itop and bottom. Hence it 
is easy to determine, 'from the maps, the A< R. and 
Dec. of anv object. , 

The double stars are at once recognized, on the 
maps, by being dofuUe and rmmdy while all other 
stars are stellated or star-shaped. The nebulas 
and clusters are readily distingUiriied as small faint 
objects, on the maps. 

We commence with the constrilations upon and 
to the east of the {Irime meridUan, and shall trace 
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them in the order in which they appemr to reach the 
meridian, going eastward round the celestial sphere. 
As Greek letters 00 frequently occur in catalogues 
and maps of the, stars, and on the celestial globes, 
the Greek alphabet is here introduced for the use 
of those who are unacquainted with it. The capi- 
tals are seldom used for designating the stars, but 
are here given for the sake of regularity. 



a 
b 

i 
d 

e short 

z^- 
e long 

th 

« 

1 

k 

1 

m 

n 

X 

o short 

P 

r 

s 
t 
u 

ch . 

PS 
o long 

To find in what>part of the heavens to look for a 
constellation, at any season of the year and hour 
of the night, examine the map, and note tlie mean 
right ascension of the constellation in question, 
t'ben find by the rule (page 14) the meri(tian pas- 
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sage of the mean right asceiMion of the constellar 
tion on the given day. In case the time at which 
you seek the constellation is later than iixe time of 
meridian passage, then the center of the constella- 
tion has passed the meridiatt ; on the contrary^ 
should it be earlier, the constellation is east of the 
mimdian, and its angular distance from the meri-^ 
dian will be expressed by the difference between 
the time qf meridian passage of the center point of 
the constellation and the time cf examinalkn. 

Example. — Where must we look for the constel- 
lation Andromeda, at ten o'clock, r. m., on the ISth 
of October? 

From Map No. 1, the right ascension of the 
middle point of this constellation is about one hour. 

* B. M. a. 

A. R of tfafi middle point, as 100 00 
Tab. Nd., ss 10 61 00 



Sum as 11 61 00 
Time, 10 o'clock, lubt., 10 00 00 

1 61 00 

The center of the constellation is, theriefore, 
Ih. 51m. east of the meridian ; and as the mean 
declination, shown by the map, is about 40^ north, 
its place may be readily found in the heavens. 

It will be well for the student to fix in the heavens 
some standard of measure, in degrees and in hours. 
Each hour of right ascension contains fifteen de- 
grees of arc. The distance from the zenith to the 
horizon is 90^, or one quarter of the whole circum* 
ference. If tlds distance be divided by the eye into 
six equal parts, each of these parts will be 15^. It 
should be remembered that hours of A. R. are 
always measured on the equator, and the hour 
circles are just 15^ apart at the equator, but con- 
verge to a point at either pole. Hence the space 



iiiteveepted on the paraUeb of doclination by two 
a4^usent hour ciroles, grow smaller the farther th4» 
parallel is from the equator, either north or south. 

Ih the notices of the double and binary stars, the 
disUtmoe of the components, and the angle formed 
by a line drawn firom the oenter of the larger com- 
ponent through the center of the smaller one, \^th 
the meridian, counting from the north to the east 
round Ae eircle, are given, with the date or epoch 
at which the given distance and positi<Mi were ob- 
served. It is by means of measures of the distances 
and angles of position, that it becomes possible, 
after many years of observation, to compute the 
curves wmch the binary stars describe, in their 
orbitual motion around their common center of^ 
gravity. ^ 

In the desmption of the components, the largest 
star is called ----- A, 
The next in size, ? - - B; 

and if there be more components than two, as is the 
case with multiple stars, they are named A, B, C, 
D, &c., in the order of magnitude. 

In many instances there is a marked difference 
in the color of the components of double and mul- 
tiple stM«. Whenever this difference is readily 
recognized, the coloie are given in the description 
of the components. 
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CHAPTER I. 

DIRECTIONS FOR TRACING TfTE CONSTELLATIONS ON 

MAP NO. I. 

Andromeda. 

Perseus £T Caput MsDUSiB. 

Triangulum. The Triangle, 

Cassiopeia. 

Favorably situated for examijuaicn in Novewier. De* 
cember, and Janvary. 

ANDROMEDA. 

If we look directly over head at 10 o'clock, on the 
1 0th of November, we shall see the constellation 
celebrated in fable, by the name of Andromeda. It 
is represented on the map by the figure of a woman 
having her arms extended, and chained by her 
wrists to a rock. It is 'bounded N. by Cassiopeia, 
E. by Perseus and the head of Medusa, and S. by 
the Triangle and the Northern Fish'. It is situated 
between 20^ and 50^ of N. declination. Its mean 
right ascension is nearly 15^, or one hour E. of the 
equinoctial colure. 

It consists of 66 visible stars, of which two aro 
of the 2d magnitude, and two of the 3d; most of 
the rest are small. ^ 

The stars directly in the zenith are too small to 
be seen in the presence of the moon, but the bright 
star Almaack, marked y, of the 3d magnitude, in 
the left knee, may be seen 13^ due E., and Merach,' 
marked ^, of the 2d magnitude, in the girdle, 7^ south 
of the zenith. This star is then nearly on the meridi- 
an, and with two others N. W. of it, form the girdle. 
D 
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The three stars forming the girdle are of the 2d, 
3d, and 4th magnitude, situated in a row, 3^ and 4? 
apart, and are called ^, /*, and v. 

If a straight line, connecting y with /3 be pro- 
duced southwesterly, 8° farther, it will reach to 6, a 
star of the 3d magnitude, in the left breast. This 
star may be otherwise known by its forming a line, 
N. and S., with two smaller ones on either side of 
it ; or by its constituting, with two others, a very 
small triangle, S. of it. 

Nearly in a line with y, /3 and 5, but curving a 
little to the N., 7° farther, is a lone star of the 2d 
magnitude, in the head, called Alpheratz, or a An- 
dhmecUB. This is the N. E. corner of the great 
" Square of Pegasus," to be hereafter desciibed. 

It will be well to have the position of Alpheratz 
nrell fixed in the mind, because it is but one minute 
W. of 'the great equinoctial oolure, or first meridian 
of ^e heavens, and forhis nearly a right line with 
a, in the wing of Pegasus, 14^ South of it, and 
with 8, in Cassiopeia, 30^ N. of it. If a line, con- 
necting these thi*ee stars, be produced, it will 
terminate in the pole. These three guides, in con- 
nection with the North Polar Star, point out to as*- 
tronomers the position of that great circle in the 
heavens from wliich the right ascension of all the 
heavenly bodies is measured. 

Bode has registered 226 stars in Andromeda. 

TELESCOPIC OBJECTS. 

A DouBM Star.— A. R. := h. 1 m. 43 s. Dec. -|- 26^ OV 2", <m 
fbe crown of Andromeda's head, in a coaise cluster. A 10, B 1 1 mag., 
both reported pale blue. According to Sir William Herechel, this star is 
surrounded by extensive nebulosity, exceedingly faint and diffused. No 
outline has yet been given by even the most powerful instruments. 

Pos. 120'' (y. Dili. 3S".00. Epoch 1886.81. 

22 AvDROKCns.— A. R. =s h. 2 m. 2 a. Dec. -|- 45° 10^ 9", a fine 
double star, in the Milky Way, between the left hand of Andromeda and 
the head of C«ssiopeia. A 5, B 8 magnitude.. 
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StatioDuy.* Poa. SS^" 6'. Dist. 4".7. Epoch 188&. 

T AvBBOKnjB. — A.R.= 0h.28ai.21t. Dec ss 32° 6(K. A oowie 
double star, oa the left breast of Andromeda. A 4}, B 9 magnitude. 
Statioiwiy. Poa. \12^ 9*. Dist 3A''.6. flpoch 1882.90. 

Ths Orbat NtfBULA, iir Ahdromida,^ — A. R. == h. 34 m. 6 a* 
Dec. =p 4- 40° 23' 6". Known as far back as 905 A. D^ and of couna 
discoverea by the naked eye. Besides being the oldest nebula on record, 
it is the only one fairly visible without the aid of the telescope ; yet to sea 
it requires a keen eye, and a pure atmosphere. It was rediscovered by 
Simon Marius, with the unaided eye, and first examined by him with the 
telescope, on the 1 5th Dec, 1612. Owing to the variety in the power 
of the telescopes used by different observers, in the examination of this 
object, it has received great diversity of description ; some call it roundi 
others ovaL Cassini thought H nearly triangular. 

Sir William Herschel considered this the nearest of all the great nebu- 
le ; on what ground I know not, unless it be its apparent magnitude* 
He considers its distance to be about two thousand times the distance of 
8irius! and if Sinus be as remote as 61 Cygni, then would the light of 
this object require no less than twenty thousand years, at twelve million 
miles per minute of time, to reach us. Such periods and distances are 
not more overwhelming than the magnitude of the object unde^ exam- 
ination. Great aa the above distance may appear, in case we are to r»> 
gard this misty Ught as an aggregation of millioiis of distant auna, we mual 
sink it vastly deeper in space, to reconcile the hypothesis with the iisct 
that the stars which compose it have never been revealed by the moat 
powerful instrument 

There is a small attendant, or companion, discovered by I^e Jentil in 
Nov.. 1749, which has been partially resolved into atars by Lord Roasa*a 
three feet Reflector. 

The drawing waa made while under inapection with the twelve inch 
Refractor of the Cincinnati Observatory. 

36 AirDmoMXDS.-*A. R. = h. 46 m. 24 a. Dec. 4^ 22*' 45^ 7". 
A very close double star, in the right elbow of Andromeda. A 6, B 7 
magnitude ; both of a golden coUr. The ineasures indicate a binary 
character. 

Pos. 307° 04' Dirt. 0".90 Epo^h 1830.78 flersehet 
320 47 .937 1836.90 iStruve. 

322 9 1 .000 1843.12 Smyth. 

330 14 1 .050 1847.70 Mitchei; 

/A Aht)rom»d».— A.R.=s0h.47m.53fc Dec. + 37^ Sr 8^ A 
wide double star in the girdle of Andromeda. A 4,^ 16 magnitude. 

Pos. 110^28'. J)i8t. 49".l9. Epoch 1842 67. ChaJlis. 

This obj^ is difficult, in consequence of the minute size of tha 
companion. 

56 ANiiaoMBPB.— A. R. =« 1 h. 43 m. 42 s. Dec. =s -f- 39* 66' 2'^ 
A delicate double star on the left leg of Andromeda. A 5^, B 10 
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magnitude. Duoovered bj Hendwl, and maiked as « a fine ipecimon 
of a nebulous star." 
Pos. 350« 0'. Dist. 2.V'.0. Epoch 1832.95. 

y AirnmoociDS.— A. R. = 1 h. 64 m. 06 s. Dec. =-|- 41« 8.r 6". 
A magnificent triple star on the left knee of Andromeda. . A 3^, B and 
C combined make a star of 5 j magnitude. This star Was known to \^ 
double as'ftr back as 1778. The star was examined and measured as 
double by all subsequent observers down to Strilve, who in 1842, with 
the great refinactor of the Pulkova obeervatoiy, first dividied the small star 
into ttuOt making it « triple set ^ The distance between the clost* green 
stars cannot exceed 0^'.4, and to see it fiurly double requires a most power* 
fill mstrument I obtained many measures of this object, and succeeded 
hi dividing the stars, clearly, showing a difierence in the magnitude of the 
components. The measures of angles of position, agree remarkably well 
with each other, and give the pos. 1 1 0"" 00'. Dist 0".4 0. Epoch i 846.H, 

It is wcnthv of remark, that the first examinations of this object, made 
by myself were with a diminuhed aperture. These were unsuccessfiil, 
and it was only afi»r the fiill aperture was employed that the stars were 
dearly divided. This divisi(m requires a capital atmosphere, and a 
smoodi clodi motion, for its aooomplishment. 

Pos. A to B, 62'' O'. Dist. 10''.6. Epodi 1837.80. 

Aw ELOirsATSD NxBin.A. — A. R. := 2 h. 12 m. 35 s. Dec. s= -f- 
4iO 36' y\ On ^ right foot, a little above a tine dnvm fipom /g Persei to 
y Andiomeds, at about two-thirds the distance fit>m the, first star. It very 
much resembles an annulus seen very obliquely. It was discovered hj 
Kiss Carotine Hersc^el, in August 1783, vrith a veiy ordinary reflector, 
and a power of thirty times. The dark space along the greater axis, waa 
deariy seen by Sir William Herschel, and he regiuded the object as an 
immense ring of myriads of stars, so remote that their ixutividuality waa 
kiat under his greatest spaoe-penetratmg power. 



PERSEUS, ET CAPUT MEDUSA. 

Perseus is represented with a sword in his right 
hand, the head of Medusa in his left. It is situa- 
ted directly N. of the Pleiades and the Fly, between 
Andromeda on the W. and Auriga on the £. Its 
mean declinatibn is 49^ N. It is on the meridian 
the 24th of December. It contains, including the 
head of Medusa, 59 stars, one of which is of the 2d 
magnitude, and four of the 3d. According to Eu- 
dosia, it contains, including the head of Medusa, 67 
stars. 
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■>< Peneoi next, 



Bnnduhes high in heaven his fword of flame^ 
And holds triumphant the dize Gorgon's head, 
Flashing with fiery snakes I the stars he count* 
Are sixty^Hvm / and two of these he boasls, 
Nobly Fulgent in the second rank~- 
One in his vest, one in Medusa's head.^ 

The Head op Medusa ia not, a separate constella- 
tion, bat forms a part of Perseus* 

It is represented as the trunkleas head of a fright- 
ful Gorgon^ crowned with coiling snakes, instead of 
bair, which the victor Perseus holds ifi his hand. 

There are^ in all, about a dozen stars in the Head 
oft Medusa ; two of the 4th magnitude, and one, 
varying alternately from the 2d to the 4th magnitude. 
This remarkable star is called Mgd^ and marked ji. 
It is situated 12^ E. of y, in the knee of Andromeda, 
and may be known by means of three stars of the 4.th 
magnitude, lying a few degrees S. W. of it, and 
forming a small triangle. 

It is on the meridian the 21st of December ; but 
as it continues above the horizon 18 hours out of 
24, it may be seen every evening from. September 
to May. It varies from the 2d to the 4th magni- 
tude in about 3^ hours, and back again in the same 
time ; after which it remains Readily brilliant for 
2f days, w^hen the same changes recur* 

The periodical variation of Algol was determin- 
ed in 1783, by John Goodricke of York (£ng.) to be 
2 days, 20 hours, 48 minutes, and 56 seconds. 

Dr. Herschel attributes the variable appearance 
of Algol to spots upon its surface, and thinks it has 
a motion on its axis similar to that of the sun. He 
also observes, of variable stars generally : — ^' The 
rotary motion of stars upon their axes is a capital 
feature in their resemblance to the sun. It appears 
to me now, that we cannot refuse to admit such a 
motion, and that indeed it may be as evidently prov- 
ed as the^^uraal motion of tJle earth. Dark sipota- 
d2 
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or large portions of the surface less luminous than 
the rest, turned alternately in certain directions 
either towards, or from us, will account for all the 
phenomena of periodical changes in the luster of 
the stars, so satisfactorily, that we certainly need 
not look out for any other cause." 

It is said that the famous astronomer Lalande, 
who died at Paris in 1807, was wont to remain 
whole nights, in his old age, upon the P(nU Neirf, to 
exhibit to the curious the variations in the brillian* 
cy of the star Algol. 

Nine degrees E.by N. from Algol, is the bright star 
Algenib, marked a, of the 2d magnitude, in the side of 
Perseus, which with y Andromeda, makes a perfect 
right angle at Algol, with the open part towards Gas- 
iopeia. By means of this strikingly perfect figure^ 
the three stars last mentioned may always be re- 
cognized without the possibility 6f mistaking them. 
Algenib may otherwise be readily distinguished by 
its being the brightest and middle one of a number 
of stars lying four and five degrees apart, in a large 
semicircular form,^curving towards Ursa Major. 

Algenib comes to the meridian on the 21st De- 
cember, 15 minutes ailer Algol, at ;M^hich time the 
latter is almost directly over head. When these 
two stars are on the meridian, that beautiful cluster, 
the Pleiades, is about half an hour £. of it ; and in 
short, the most brilliant portion of the starry heav^ 
ens i^then visible in the eastern hemisphere. The 
glories of the scf ne are unspeakably magnificent ; 
and the student who fixes his eye upon those lofty 
mansions of being, cannot fail to covet a knowledge 
of their ^order and relations, and to " reverence Him 
who made the Seven Stars and Orion." 

The Milky- Way around Perseus is very vivid, 
being undoubtedly a rich stratum of fixed stars, pre- 
senting the most wonderful and sublime phenom- 
enon of the Creator's power and greatness. Koh- 
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ler, the astronomer, observed a beautiful nebula 
near the face of Perseus, besides eight other, nebu- 
lous dusters in different parts of the constellation* 
Bode has registered 196 stars in this constellation. 

TELESCOPIC OBJECTS. 

76M. PBRssi.--A.R.r=lh.32m. 16i. Dec as -|- 50^ 4<K 5", an 
oval white nebula, doae to the toe of Andromeda, though in the limiti at 
Feanwna. Diaoovered by Mechain; Meaner pronounoed it a oompreand 
duater; while Heiacfael thought it a doable ineaolvaUe nebula. With 
the Northumberland Equatorial, Cambridge, Eng. it baa a tpangled ap' 
pearanee. Prof. Challia aaya « the naohUion ia renj doabtniL" 



/ 



A MAAirmcxNT Cf.vaTBB«— A. R.a=3h.07m.688. Dels. 
4- 66<* 24' 4". In the aword handle of Peiaeua. Thia ia certainly ona 
of the moat brilliant and beautiful objecta in the heavena; under kvov- 
able drcumatanoea, the field of view glowa and sparklea with innumer- 
able diamonda, on a ground dark, and rich as, the blackeat velvets — ^In the 
center, five stars aro arranged in the form of a bow strongly bent, while a 
bright 8th mag. star is situated prodaely at the point where the thumb 
and finger would hold the arrow. This cluster is considered by Sir W. 
Herachel, and with reason, as a protu b erant portion of the Milky- Way, 
or vast stratum of stars of which our own sun is an individual — With 
the fiiU aperture of the 12 inch Redactor, all haxiheas disappears, aiid the 
heavens beyond are completely dark and puro, showing that the vision haa 
pl&rced entirely beyond the limits of space occupied by these stars, and 
that the interval between them and the nearest group beyond is so great 
ae to hide them abaolutely from the view. jNo drawing can give any 
idea of the q)lendor of tlua object The one which accom|ianies this 
description was taken with caze, and gives a correct idea of position and 
relative magnitude, but not of the sparkling beauty of the stara. 

Air Eloitoatid NRin7i.A. — A. R. = 2 h. 30 m. 25 a. Deo. 
= -|- 38<> 21' Near the head of Medusa. Discovered by Herscbel, 
1786. This is probably one of those stupendous rings of stars forming 
a aeparate universe, like our own, and aeen und^ great obliquity. 

0. PaiisaT.— A. R. = 2 h 33 m. 6 a Dee s=: 48^ 32' 9". A Tri- 
ple star on the left ahoulder of Perseus. •A'4, yeUow;fi 13, violet; 
C. 11, gray.— No change in position seems to have occurred ainoe first 
diaooveredbyHersphelin 1782. Dist A to B = li)'' ^ 

AtoC=s»7" * 

mPbrsxi,— A.R.s=2h. 39m.04s.' Decs 66<> 13^6''. A double 
or rftther multiple star on the head of Perseus. A 5, otai^pe ; B 8^, 
blue. There are many stars in the field. The principal one has three 
amall atars on one side, and one on the other, all nearly in the same 
atraight line, and forming a miniature of Jupiter and his sateliitoa. 
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Noduo^iempoiitioiif^etdetafl^'. • \ 

fi PsRstt, Algol-^A. R. ^ 4 h. 67 m. 46 s. Dee. = 4- 40* SC 
A ooorad dolihle star in the bead of Medusa, on the sliield of PerReus.-* 
A 2 to 4 m^g. B. 11* This ia the vaaet wondei^l among the variable 
stars. I'he rapidity and regularity of its changes, the great amount of 
change in brilliancy, and its double character, jnark it as a most extras 
ordinary object-^It diminishes from the td to the 4th magnitude in about 
3^ hours, retains its dimiiushed splendor about 18 minutes, and in 3| hours 
resumes by degrees its former spIendor.-^Its period is 2d. 20 h. 48 m. 568. 

f PsRSEi.^A. R. = 3 h. 47 m. 08 b. Dec = -f 39« 32' 4", a Bne 
double star near the left leg of Perseus. A 3}, B 9. Discovered bj 
Herschel. ' 

Pos. = 8«» 39^ Dirt. SB 9fM Ep. 1780.69 Herschel 

A CoMraEssxB Gnoirr. — A. R xs 3 h. 68 m. Us. Dec. = -4- 49^ 
04^ in the left knee of Penea&->Fint legisteied by Herschel 1790. 



TRIANGULUM. 

The Triangle is supposed to have derived its name 
from- the Egyptian Delta. Formerly there was but 
one Triangle ; a siecond was added by Hevelius, and 
is retained on the map. 

The Triangles are situated between the head of 
Aries, on the south, and the knee of Andromeda, on 
the north. They contain one star of the third, and 
one of the fourth magnitude. The other stars are 
small. 

Ptolemy reckoned, in this constellation, four stars ; 
Hevelius, nine ; Piazzi, twenty -five; and Bode has 
registered thirty-three stars. Most of them are tele* 
scopic. 

ft 

TELESCOPIC OBJECTS., 

A x.4ikeB FAivT NxBULA— A. R.=s:Ih.24m. sis. Dec -4- 29 ® 
61' 03^'; between the head of the Northern Fish and the Tnangle. 
Discovered by Messier, 1764; resoHed by Herschel, 1783, into minute 
Stan. He locates this object in the 834 th order of distances, or regaidr 
it as 334 times more remote than stan of the first magnitude. 



CONSTELLATIOK OP CASSIOPEIA. 45 

i TKTAireuu,-^A. iUsl h. 63 m. 88 ■. Dm as 4. 89^ 8(K W\ A 
dote double star on the triangle. A 6|, B 16, mag. Difloovend bj 
StTuve 

Poa. U<^ <K Dbt :^y' Epoch 1886.76 »myth. 

t TaiAirovu^-A. R. ssr 2 h. 8 m. 06 1. Dec. = -{- 29<> 33*. A 
doae doable itar, mider the baie of the triangle. A 6^, ** topaz yellow,** 
fi 7y *< green." Diacoveied by HencfaeL Raoent measures indkata 
fixity in the components. 

Pos. 77« 6(K Dist 80".698 Epoch 1830.97 Strove. 

A Close Dovau SrAa.— A. Rs5«h.i9m. 86s. Dec s= -|-S9« 
12' oy. Between the Fly and Triangle. A 6^, B 10. Di«»verad 

Poa. 340° 40^ Dist 1".908 Epodi 1882.86 Struye. 



CASSIOPEIA. 

This constellation is situated 26^ N. of Androm- 
eda, and niidway between it and the North Polar 
Star. It may be seen, from our latitude, at all 
hours of the night, and may be traced out at almost 
any season of the year. Its mean declination is 
60^ N. and its right ascension 12^. It is on our 
meridian the 22d November, but does not sensibly 
change its position for several days ; for it should 
be remembered that the apparent motion of the stars 
becomes slower and slower as they approximate 
the poles. 

Cassiopeia is a beautiful oonstellatioii, contain- 
ing 55 stars that are visible to the naked eye ; of 
which one is of the id and four are of the 3d mag- 
nitude, and so situated as to form, with on^ or two 
smaller ones, the figure of an inverted chair. 

■ — *' Wide her stan 

Dispersed, nor shine with mutual aid improved ; 
Nor daisle. brilliant with contiguous flame : 
Their nunJier fifty-five.'* 
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Caphy ^ Cassiopeia, in the garland of the chair, ia 
almost exactly in the equinoctial colnre, 30° N^ of 
AlpheratZy a Andromeda, with which, and the Polar 
Star, it forms a straight line, Caph is therefore 
on the meridian the lOth of November, and one 
hour past it on the 24th. It is the westernmost 
star of the bright cluster. Schedir, » Cassiopeia, in 
the breast, is the uppermost star of the five bright 
ones, and is 5° S. E. of ^ : the other three bright ones, 
forming the chair, are easily distinguished, as they 
meet the eye at the first glance. 

There is an importance attached to the position 
of ^ that concerns the mariner and the surveyor. It 
is used, in connection with observations on the 
Polar Star, for determining the latitude of places, 
and for discovering the magnetic variations of the 
needle. 

It is generally supposed that the North Polar Star, 
BO called, is the real immovable pole of the heav- 
ens ; but this is a mistake. It is so near the true 
pole that it has obtained the appellation of the North 
rdar Star; but it is, in reality, more than a degree 
und a half distant from it, and revolves about the 
true pole every 24 hours^ in a circle whose radius 
is 1° 31'. It will consequently, in 24 hours, be 
twice on the meridian, once above, and once bdow 
the pole : and twice at its greatest elongation £• 
and W. 

The polar Star not being exactly in the N. pcde 
of the heavens, but OTie degree and 31 minutes on that 
side of it which is towards Caph^ the. position of the 
latter becomes important, as it always shows oa 
which side of the ^;n£^ pole the polar star is. 
. There is another important fact in relation to the 
position of this star. It is equidistant from the pole, 
Hud exactly opposite another remarkable star in the 
square of the Great Bear, on the other side of the 
pole. It also serves to mark a spot in the starry 
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heavens, rendered memorable as being the place 
of a lost star. Two hundred and siicty-six years 
ago, a bright star shone 5^ N. N. E. of Gaph, where 
now is a dark void I 

On the 8th of November, 1572, Tycho Brahe and 
Ckimelius Gemma saw a star in the constellation 
of Cassiopeia, which became all at once, so brilliant, 
that it sm'passed the splendor of the brightest pla- 
nets, and might be seen even at noonday I Gradu- 
ally, this great brilliancy diminished, until the l&th 
of March, 1573, when, without moving from its 
place, it became utterly extinct. 

Its color, during this time, exhibited all the phe- 
nomena of a prodigious flame — first it was of a 
dazzling white, then 6f a reddish yellow, and 
lastly of an ashy paleness, in which its light ex- 
pired. It is impossible, says Mrs. Somerville, tq 
imagine any thing more tremendous than a confla- 
gration that could be visible at such a distance. It 
Mras seen for sixteen months. 

Some astronomers imagined that it would reap- 
pear again after 150 years ; but it has never been 
discovered since. This phenomenon alarmed all 
the astronomers of the age, who beheld it; and 
many of them wrote dissertations concerning it. 

Rev. Professor Vince, one of the most learned and 
pious astronomers of the age, has this remark : — 
"The disappearance of some stars may be the 
destruction of that system at the time appointed 
by the Dbity for the probation of its inhabitants ; 
and the appearance of new stars may be the forma- 
tion of new systems, for new races of beings then 
called into existence, to adore the works of their 
Creator." 

Thus, we may conceive the Deity to have been 
employed from all eternity, and thui^ he may con- 
tinue to be employed for endless ages ; forming 
new systems of beings to adore him ; and trans- 
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planting beings already formed into happier regions, 
who will continue to. rise higher andiugher in their 
enjoyments, and go on to contemplate system after 
system through the boundless universe. 

La Plage says :-^'^ As to those stars which sud- 
denly shine forth with a very vivid light, and theh 
immediately disappear, it is extremely probable that 
great conflagrations, produced by extraordinary 
causes, take place on their surface. This conject- 
ure, is confirmed by their change of color, which 
is analogous to that presented to us on the earth 
by those bodies which are set on fire and then gra- 
dually extinguished." 

The late eminent Dr. Good, also observes that— 
^' Worlds and systems of worlds are not only perpet- 
ually creating, but also perpetually disappearing. 
It is an extraordinary fact, that within the period 
of the last century, not less than thirteen stars, in 
different constellations, seem to have totally perish- 
ed,, istnd ten new ones to have been created. In 
many instances it is unquestionable, that the stars 
themselves, the supposed habitation of other kinds 
or orders of intelligent beings, together with the dif- 
ferent planets by which it is probable they were 
surrounded, have utterly vanished, and the spots 
which they occupied in the heavens, have become 
blanks ! What has befallen other systems, will 
assuredly befall our own. Of the time and the 
manner we know Nothing, but the fact is incontro- 
vertible ; it is foretold by revelation ; it is inscribed 
in the heavens ; it is felt through the earth. Such 
is the awful and daily text ; what then ought to be 
•the comment?" 

The great and good Beza, falling in with the 
superstition of his age, attempted to prove that this 
was a comet, or the same luminous appearance 
which conducted the magi, or wise men of the East, 
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I 

into Palestine, at the birth of our Saviour, and that 
it now appeared to announce his second coming 1 

About 6° N. W. of Capbi, the telescope reveals 
1o us a grand nebula of small stars, apparently 
compressed into one mass, or single blaze of light, 
with a great number of loose stars surrounding it. 

TELESCOPIC OBJECTS. 

A LAmex attd Loots Clititik. — ^A. R. ses h. 18 m. 10 i. Dec. 
3s 4- 70«» 3(/ 3". R^fipBteredl^SirJnaHerBchel/aiidbyhimrega^ 
M « good teit for the tight and defining power of a telescope. It ia ai^ 
ualed between the fbototocl aikl the knee of Cepheu% 

A Clobs Doublb Star.-^A, R. =? h. SS m. 58 s. Dec =s 60« 
34' 2/' Between Andiomeda'a knee and the head of Caaaiopeia. A 7^ 
B 9 mag. 

Pofl. 1479 2 Diat 2'' J Epoch 1832.87 Smyth. 

146 25' 2 .24 1847.60 Mitchel. 

The lelationahip ia merety optical 

» CAaaioMiA^A. R,=0 h. 39 m. 27 a. Dec. -j- 5e« 67' 9*. A 
binaiy atar in the Geatua of Caaaiopeii^ A 4 pale white,.B 7} poiple, 
IKaoovered by Heradiel, , ' 

1779, when ita poaition waa 620 04 Diat 1 1^27 
1843.19 themeaauieagave95 08 9 .1 Smyth. 

1847.60 101 20 8 69 MitcheL 

Madler thinks the periodic time of this ayatem will be about 522 yean. 

fit CAsaiopaiA.r— A. R.=0 h. 67 ul 23 a. Dec. 640 O' q'\ a coaiae 
triple atar on the right elbow, po oopooc d of an extraordinary proper mo- 
tion, amounting to 6''.8 in .\. R. and r'.5d in Dec. per ^nnuTn. In caae 
we locate this star at the distance fiom our ayatem due to ita magnitude, 
ita hourly motion cannot be leas than 125,000 milea ! a quantity fiur ex- 
ceeding the velocity of the awifteat moving planet 

A Loose Clustxr.-;-A. R = h. 58 ul 19 a. Ded. ':=^- 60^ 
44' 0^. below the right hip of Cassiopeia, on the robe, one quarter way on 
the line joining y and i. It was discovered by Miss Caroline Herschel, 
in 1 783, and is described by Sir William aa^ a cluster of pretty coaqtre»> 
aed ataca.'* 

A Smaii. Doublb Star. — A. R. := I h. 9 m. 10 a. Dec = -j- 57° 
56' 9^'. Between the right knee, and elbow of Cassiopeia, A 9. B 10 
mfi^[nitude^ — ^This object ia situated in the center of a briUiant aasem- 
Uage of small stars ducovered by Herschel 1787. 

4 Casbiofbia-— A. R. = 1 h. 14 m. 42 a. Dec. = + 67© 1 T 5". 

E 
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A fine triple star dom to the lower paift of Cainopeia's Hoodb. A 4^ 
orange. B 9 blue. C 1 1 re^di«h. 

Diacoyered by Striive. 

Pes. A. B. 102O or Dist sr.9 Epoch 1836.28 Smyth. 
B. C. 262 36 2 .0 1836.28 Smyth. 

A. B. 102 87 30 .394 1837.70 . MitcheL 

B. C. 253 07 32 856 1837.70 * Mitchcl, 
This diject may be fimnd between the north star and / Cassiopeia, at 

a little less than one-third of the distance which separates them hrom the 
latter star. 

Af Opxh CLusTsa.— a. R. s= 1 h. 18 m. 61 a Dec = -{- 6]0 
2T 8". On the lady's 1^, half way from g to ^. Described as « a 
gathering of small and large stais, widi glimpses ot star dust of oonsidsr- 
able extent*' 

A CLU8Tia.->A. S. =c: 1 h. 83 m. 05 a. Dec. = 4. ei^* 04' 9". 
Just below the. right knee of Casaopeia, mid-way. between / and t . Dis- 
covered by Heradiel 1787. It is aoinad 2' or 3' in diameter, and has an 
8^ magnitude star in the eenter. 

65 Cassiopis.— A. R = 2h.2m. Os. Dec. 4- 65° 46' 2". A 
■tar with two distant companions — ^located veiy near the position in the 
heavens in which the celebrated new star of 1572 made its sudden and 
brilUant appearanoe. The first aght of this most extraordinary stranger, 
seems to have been caught by Schiler, of Wittemburgh. as early as the 
6th of August, 1 572. On the 1 1th of November, following, the celebrated 
Tycho Brahe, on returning to his house from his laboratoiy, was surprised 
to see some peasants gazing up in the heavens. He soon discovered the 
object of their curiosity to be a brilliant gtary which he had never belbre 
seen. His finely stocked obeervatoiy, gave him an opportunity of obser- 
^g the stranger with great accuracy. He soon determined that it was 
located beyond the region of the planets, and even among the fixed stars, 
as it had no sensible parallax, and never changed its position during the 
time it remained visible. The brilliancy of Ifais oliject mcreased from the 
lime of its disoovery , until it surpassed that of Sirius, the brightest of all the 
fixed stars, and even came tb be scarcely less than that of Venus, the most 
brilliant planet. Having attained its maximum brilliancy, it began to 
decline l^ degrees, losing its splendor, until finally, in March 1574, nin^ 
teen months afier its discovery, it disappeared for ever firom the sight. 
This being the first change in the region of the fixed stars, since the 
revival of letters in Europe, created a great sensation, and produced a 
great variety of published accounts. Strange as it may appear, at this 
day, Tycho was ashamed to publish his obs^i^tions, to the world, con- 
sidering it " a disgrace . for a nobleman, either to study such subjects, or 
to publish them to the world.'' ^ 

These new and temporary stai% are among the inscrutable works 
of God.^ No intellect, however greiiit, no study, however pr(^ound, has 
yet been able to fiithom theirmysterious coming and going. Some have 
suggested the idea that they are moving in excessively elongated orbiu^ 
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whose principal axes are turned dnectly towarda our own i^sfeem, and 
ttiat it IB only in their nearest approach to the earth that they become 
visible. In cQnseqnence of the reported appearuice of liew stars, in the 
same region, in 945 and 1S64, Sir John Herschel has suggested that this 
may be a perio(fical star, with a return after intervals of about three 
hundred years. 

It case we estimate the velod^F of this star in its orbit, by the dimi- 
nution of its light, we shall find it moving at so stupendous a rate as to 
stun the imagination — and we are almost driven firom a theory requiring 
such motion. If we yield to the suggestion of Besse), that there exist 
dark. bodies in space, capable of mod^ing the movements of the fixed 
stars, we might account for the sudden appearance of new stars, by their 
emergence from behind one of these non-luminous bodies. Their disap- 
pearance, however, still remains an enigma, and we can only yield and 
acknowledge that ** the heavens declare the gloiy of Grod ** — ^whether man 
can follow <Hr &il. 

A BicAiTTTFUL Tbtpu Star. — A. R. == 2 h. 16 m. ftS s. Dec. -|- 
66° 40' 7". Under Cassiopda's light foot, mid-way between a Persei 
and y Cephi. A 4^ pale yellow B 7 Hlac. C 9 blue. 

Pos. A. B. 2740 2' Dist. 2" .1 1 834 83 
A. O. 107 1 Dist. 7 .5 1834.83 

No change in podtion or distance has been remarked since the 
discoveiy by Herschel, in 1779. 

A MuLTiMJt Stah.— A. R. 5= 28 h. 22 nu 40 8. Dec. -f- 67° 40*. 
One of the stars was discovered to be closa doable, by the Rev. W. R. 
Dawes, 1840. 

Pos. 2220 Dist 1"J5 



ft 



6 CASsioraiJB.— -A. R. s=: 23 h. 60 m. 66 8. Dec. a= -(- 64o 61' 8 
A fine double star on the left elbow. A 6. B 8, magnitude. The large 
fltar is white, the small 'one blue, with colors said to be clear and distinct. 



DIRECTIONS FOR TRACING THE CONSTELLATIONS ON 

MAP NO, II. 

Pisces. The Fishes. 

Favorably situated for examiruition in October^ No' 
vember and December, 

THE FISHES. 

This constellation is now the first in order, of the. 
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12 constellations of .the Zodiac, and is usually rep- 
resented by two fishes tied a considerable distance 
apart, at the extremities of a long undulating cord, 
or ribbon. It occupies a large triangular space in 
the heavens, and its outline at first is somewhat 
difficult to trace. 

In consequence of the annual precession of the 
stars, the constellation Pisces has now come to ocpjipy 
the sign Aries ; each constellation having advanced 
one whole sign in the order of the 2k)diac. The 
sun enters the sign Pisces, while the earth enters 
that of Virgo, about the 19th of February", but h^ 
does not reach the constellation Pisces before the 6th 
of March. The Fishes, therefore, are now called 
the *' Leaders of the Celestial Hosts." 

That loose assemblage of small stars directly 
south of Merach, «, in the constellation of Androm- 
eda, constitutes the Northern Fishj whose mean 
length is about 16^, and breadth, 7^. Its mean 
right ascension is 1 h, and its declination 25^ N. 
Ck)nsequently, it is on the meridian the 24th of No* 
veipber ; and, from its breadth, is more than a week 
in passing over it. The N6rthern Fish and its 
ribbon, beginning at a, Andromed8B,may,by a train 
of small stars, be traced, in a S. S. easterly. direction, 
for a distance of 33^, until we come to the star El 
Rischa, a Piscium, of the 2d magnitude, which is 
situated in the node, ot flexure of the ribbon. This 
is the principal star in the constellation, and is 
situated 2^ N. of the equinoctial, and 53 minutes 
east of the prime meridian. 

From a Piscium the ribbon or cord makes a sud- 
den flexure, doubling back across the ecliptic, where 
we meet with three stars of the 4th- magnitude 
situated in a row 3^ and 4^ apart, marked on the 
map ^, f, 5. From h the ribbon runs north and 
westerly along the 2k)diac, and terminates at the tail 
of the Western Fish. The head of the fish may be 
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recognised by the star 0, 4lli magnitude, 11^ south 
ofaPegadi. 

This part of the ribbon, including the Western 
Fish at the end of it, has a mean declination of 5^ 
N., and may be seen throughout the month of No- 
vember, passing the meridian slowly to the W., 
near where the sun passes it on the 1st of April. 
Twelve degrees W. of this Fish, there are four small 
stars situated in the form of the letter Y. The two 
Fishes, and the cord between them, make two sides 
of a large triangle, 30^ and 40^ in length, the open 

Sart of which is towards the N. W. When the 
forthern Fish is on the meridian, the Western is 
nearly two hours past it. This constellation is 
bounded N. by Andromeda, W. by Andromeda and 
Pegasus, S. by the Cascade, and E. by the Whale, 
the Ram and the Triangles* 

When, to enable the pupil to find any star, its 
direction from another is given, the latter is always 
understood to be on the meridian. 

After a little experience with the maps, even 
though unaccompanied by directions, the ingenious 
youth will be able of himself, to devise a great 
many expedients and facilities for tracing the con- 
stellations, or selecting out particular stars. 

TELB8G0PIC OBJECTS. 

179 P. XXin Pudum. 

A DnicATS DovBix 8tar^<^A. R. s: 3d h. 37 m. 49 a. Dec. ss 
— 0°'3T A". ' Under the preceding Fuih, mid-way between Fomalhanz 
and a. Caflsiopeia. A 8j. B 15 magnitode. 
Discovered by M. Struve. 

ToB. 2280*23' Diet 2^.417 Epoch 18^2.50 Striive. 
230 00 3 .000 . 1833.79 Smyth. 

227 83 2 .702 1847.65 MitcheL 

These measures afibid no evidence of change. Those of Smydi am 
mere estimatioiis. 

84 PiscitTMA-A. R. = h. 1 m. 63 a. Dec = + 10© 14' 6\ A 
fine double star, near the wing of Pegasoii A 6. B 13^ magnitmU. 
Discovered by Struvet 

£2 
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P<M. 160» OS* Dili r.87 Epoch 1828.73 Stru^e. 

38 PisciuM.— A. R. = 0lL9m.9i. Dec = 4- 7© 69' 2^. A 
double star on the tip of the tail of the preoeding Fiui. A 7 j. B 8 
magnitude. > 

Discovered by HerKfael, 1782. 
Po8. 2440 sr Dist = 4".00 Epoch 1 782.68 

235 64 . 4.80 1887.89 Smyth. 

235 69 4^646. 1847.65 MitcheL 

These last ol^^senrations seem to decide the fixity of these stars. 

49 PisciuM.— -A. R. = h. 22 m. 29 s. Dec. a ^. 160 09' 2". A 
difficult double star, between the wing of Pegasus and the light hand of 
Andromeda. A 7. B 13 magnitude. 

Discovered by Struve, and thus measured by liim in November 1828. 

Posj 107O42' Dist 13".26 

66 PisciuM.— A. R. s= h. 31 m. 31 s. Dea = -j- 20O 33' 6". 
Bcitween the head and right hand of. Andromeda. A 6, orange. B 9, 
deep blue. 

Discovered by Struve. 

Pos. 1920 45' Dist. 6'',37 Epoch 1830.22 Struve. 

191 62 7.014 1847.65 Mitchel. 

There is no evidence of binaiy character, and this is doubtless an 
optical duplicity merely. 

66 PisciuM.— A. R. a= h. 4t m. 18 s. Dec = -[- 26« 60* 3", A 
dose double star on the right arm of Andromeda. A 6. B 7 magnitude. 
Discovered by Sir W. Herschel, who made the followipg measures. 
Pos. 3000.67' Dist 4".00 Epoch 1783,15 

298 30 4 .60 1838.17 Smyth. 

297 32 1847.65 Mitchel. 

Herschel thought there might be physical connection between the com 
ponents in this set If so the period will be very great 

^ PisoiuM.— A. R. s= 1 h. 6 m. 4 8. Dec s: -)- 23» 44' I", On 
Uie ventral fin of the Northem Fish. A 6, B 13 mag. 
Discovered by Struve, and thus measured 
Po& 227'> 62'. Dist 7".98. Epoch 1832.06. 

f PisciuM.— A. R. = 1 h. 6 m. 21 s. Dec =;= -f- 60 43' 7". A 
coarse double star on the bend of the band joining the two Fishes. M".d^ 
ler ranks this among the stars in which there is a probable retrograde 
motion. 

Pos. 670 23* Dist22".187 Epoch 1781.88 Herschel. 
63«31' 23".225 1841.67 M;idler. 

A. R.=: lh:27m. 41s. Dec.=-f 60 49' 6". A close double star 
in the space between the two Fishes and the curve of the Ribbon. A 6^ 
ydllowish, B 8 pale white. 

Discovered by Herschel, 1792. 

Pos. 20O 00' Dist l''.467 Epoch 1830.23 Struve. 
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A. R=:lh.47m.88i. Dec. = I** 03* r. A claw doable iter 
stIlieendoftheBibbon. A 7, B 7|. 

Diaoovered bj Struve, and thus meamned by bim. 
Poe. 640 43^ Diflt r.233 Bpoch 1831 IS. 

«Pisciirx.— A. R =lh. 53iil4«i. Decs lo 69^ 8^. A doM 
double star at the aoutfaeni extremity of the Kibbon; A 5, pale green. 
B 6, blue. 

Poa. 3370 S3' Diet. Epoch 1781.79 HenchcL 

3320 69' r.775 1830.93 Beaael. 

3310 48' 3^.783 1831.60 Mudler 

330<' 03' 1847.66 Mitohel. 

Madler, after a full diacuMdon of all the obaenrotiona, thinka a retro- 
grade motion ik probable, and a period of revolution amounting to about 
6000 yean. These dowly-reyolving objects require close examinatum ; 
my own measures go to confirm, in some degree, Midler's opinion. 

A Faivt Nxbula.— a. B. = 83 h, 06 m. 36 s. Dec. =: 4. 3^ 
39' 07". In the eye of the preceding or western Fish. Its length is 4 , 
and its breadth 1', according to its diecoverar. It is preceded by a fiiinter 
nebula. These objects are veiy difficult in any Imt the ^ost powerful 
instruments. » 

Diflcovered by Heisdiel, 1785. 



JHRECriONS FOR TRACING THE CONSTELLATIONS ON 

MAP NO. III. 

AsiES. The Ram. 

Favorably situated for eaxmunatian in November ^ De* 
cember, and January. 

THE RAM. 

TwEMTY-TWo centuries ago, as ^ Hipparchus in- 
forms us, this constellation occupied the^r^^ sign in 
the ecliptic,, commencing at the vernal equinox;. 
But as the constellations gain about 50" on the 
equinox, at every revolution of the heavens, they 
have advanced in the ecliptic nearly 31^ beyond it, 
or more than a whole sign : so that the Fishes now 
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occupy the same place in the Zodiac, that Aries did, 
in the time of Hipparchus ; whence the constellation 
Aries is now in the sign Taurus, Taurus in Gemini, 
and Gemini in Cancer, and so on. 

Aries is therefore now the second constellation 
in the Zodiac. It is situated next east, of Pisces, 
and is midway between the Triangles and the. Fly 
on the N. and the head of Cetus on the S. It con- 
tains 66 stars, of which, one is of the 2d, one of th^ 
3d, and several of the 4th magnitudes. 

** First, from fhe east, the Ram conducts the year; 
Whom Ptolemy with /tm'ce nt/ie stiiB adorns, 
Of which tAro only claiin the second rank ; 
The rest,, when Cynthia fills the sign, aie lo^** 

• 

It is readily distinguished by means of two bright 
stars in the head, about 4° apart, the brightest being 
the most north-easterly of the two. The first, which 
is of the 2d magnitude, situated in the right horn, is 
called a Arietis, or simply Arietis; the other, which 
is of the 3d magnitude, lying near the left horii, is 
called Sheratan, ^ Arietis, and may be known by 
another star of the 4th magnitude, in the ear, 1^^ 
S. of it, called Mesafthim^ y Arietis, which is ihejirst 
star in this constellation. 

Arietis and Sheratan, are one instance out of 
many, where stars of more than ordinary brightness 
are seen together in pairs, as in the Twins, the 
Little Dog, &c., the brightest star being commonly 
on the east. 

The position of Arietis affords important facilities 
to nautical science. Difficult to comprehend as it 
may be, to the unlearned, the skillful navigflitor who 
should be lost upon an unknown sea, op in the 
niidst of the Pacific ocean, could, by measuring the 
distance between Arietis and the Moon, which often 
passes near it, determine at once not only the sppt 
ne was in, but his true course and distance to any 
known meridian or harbor on the earth. 
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Lying along the moon^s path, there are nine con- 
epicuous stars that are used by nautical men for 
determining their longitude at sea, thence called 
nautical stars. 

These stars are Arietisy Aldebarany Poflux, Re^u- 
his^ Spica VirginiSy AntareSy Altairy Famalhaut, and 
Marhab. 

The true places of these stan, for ewery day in. the year, are given in 
die Nautical Ahnanac, a Taloable work published annually by the i ng- 
Hah ** Board of Admiralty.", to guide marinera in navigating the seaa. 
They are usually published two or three years in advance, for the beneiil 
of l(»ig voyages. 

That a man, says Sir J6hn Herschel, by merely measuring the moon's 
apparent dist^ce from a star, with a little portable instrument held in his 
hand, and applied to his eye, even with so unstable a footing as the deck 
of a ship, shall say positively within five miles, where he is, cm a bound- 
less ocean, cannot but appear to persons ignorant of jrfiysical astronomy, 
an approach to the miraculous. And yet, says he, the alternatives of 
Ii& and death, wealth and ruin, are daily and houriy staked, with perfect 
confidence, on these marvelous computations. 

Capt. Basil Hall, c^ the royal navy, relates that he had sailed from San 
Bias, on the west coast of Mexico, and after a voyage of 8000 miles, occu- 
pying eighty-nine days, arrived off Rio Janeiro, ftuiving in this intei^al 
passed through the Pacific ocean, rounded Cape Horn, and crossed the 
South Atlantic without making any land or seeing a single sail on the 
▼oyage. Arrived vrithin a few days* sail of Rio, he took a set of lunar 
ofaeervations, to ascertain his true position, and the bearing of the harbor, 
and shaped his course accordingly. « I hove to,'' says he, **^ at four in 
the morning, till the day should break, and then bore up ; ka although 
it was hazy, we could see before us a couple of miles or so. A bout eight 
o'clock it became so foggy that I did not like to stand in fiiither, and waa 
just bringing the ship to the wind again before sending the people to 
break&st, when it suddenly cleared oiKy and I had the satis&ction of see- 
ing the great Sugar-loaf rock, which stands on one side of the hartxx^s 
mouth, so nearly right ahead that we had not to alter our course above a 
point, in order to hit the entrance of Rio. This was the first land we 
had seen for three months, after crossing so many seas, and being set 
badEwards and forwards by innumerable burrents and foul winds.*' 

Arietis comes to the meridian about twelve mi- 
nutes after Sheratan, on the 5th December, near 
where the sun does in midsummer. Arietis, also, 
is nearly on the same meridian with Almaack, in 
the foot of Andromeda, 19° N. of it) and culminates 
only four minutes after it. The other stars in this 
constellation are quite small, constituting that loos' 
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cluster which we see between the Fly on the north, 
and the head of Cetus on the south. 

: When Arietis is on the meridian, Andromeda and 
Cassiopeia are a little past the meridian, nearly 
over he^, and Perseus with the head of Medusa, is 
as far to the east of it. Taurus and Auriga are 
two or three hours lower down ; Orion appears in 
the S. E., and the Whale, on the meridian, just below 
Aries, while Pegasus and the Swan are seen half 
way over in the west. 

The maimer in which the ancients divided the Zodiac faito twelve 
equal parts, was both simple and ingenious. Having no instrument 
that would measure time exactly, ** They tock a vessel, with a small hole 
in the bottom, and having filled it with water, suffered the same to distill, 
drop by drop, into another vessel set beneath to receive it, beginning at 
the moment when some star rose, and continuing till it rose the next 
following night, when it would have performed one complete revolution 
in the heaven& The water fidling down into the receiver they divided 
into twelve equal parts : and having twelve other small vessels in readi- 
ness, each of them capable of containing one part, they again poured all 
the water into the upper vessel, and observing the rising of some star in 
the Zodiac, at the same time su£fered the water to drop into one of the 
smidl vessels. And as soon as it was full, they removed it, and set an 
empty one in its place. Just as each vessel was full, they took notice what 
star of the Zodiac rose at that time, and thus continued the process 
through the year^ until the twelve vessels were filled." ' 

Thus the Zodiac was divided into twelve equal portions, conesponding 
to the twelve months of the year, commencing at the vfmal equinox. 
Each of these portions served as the ViSble wpresfentative or sign of the 
month it appeared in. 

All those stars in the Zodiac which were observed to rise while the 
first vessd was filling, were constellated and in^uded in the first sign, 
and called Arie3y an animal held in great esteem by the shepherds of 
Chaldea. All those stars in the Zochac whidi rose while the second 
vessd was filling, were - constellated and included in the second sign, 
which for similar reast^ was denominated Taurus ; and all those stan 
which were observed to rise while the third vessel was filling, were con- 
stelkited in the third mga, and called Gemini, in alluaon to the twin 
season of the flocks. 

Thus each sign of 20^ in the Zodiac, received a distinctive appellation, 
according to the &ncy or superstitidn of the inventors ; which names have 
ever since been retained, although the constellatbns themselves have 
■ince left their nominal signs more than 30^ behind. The sign Aries, 
therefore, included all the stars embraced in the first 30^ of the Zodiac, 
and no more. The sign Taurus, in like manner, included all those stan 
embraced in the next 30O of the Zodiac, or those betwoen 30^ and W>t 



CONSTELLATION OF PISCES. 59 

and so of Ihe rest Of those who imagine that the twelve constellations 
of the Zodiac refer to the twelve trib^ of larael, some ascribe Aries to 
the tribe of Simeon, and others, to Gad. 

During the campaigns of the French army in Egypt, General Dessaix 
discovered among the ruins at Dendera, near the banks of the Nile, tlie 
great temple supposed by some to have been dedicated to Isis, the female 
deity of the tSgyptians, who believed that the rising of the Nile was 
occasioned by the tears which she continually shed for the loss of her 
brother Osiris, who was murdered by Typhon. 

Others suppose this edifice was erected for astronomical purposes, from 
&e circumstance that tvoo Zodiacs were discovered drawn upon the 
ceiling, on opposite sides. On both these Zodiacs the equinoctial points 
are in Leo, and not in Aries ; from which it has been concluded, by those 
who pertinaciously endeavor to airay the arguments of science against 
the chronology of the Bible and the validity of the Mosaic account, that 
these Zodiacs werie constructed when the sun entered the sign Leo, which 
must have been 9720 years ago, oir 4000 years before the inspired account 
of the creation. The infidel writers in France and Germany, make it 
10,000 years before. But we may '^ set to our seal,'' that whatever is 
true in fiict and correct in inference on this subject will be found, in the 
end, not only consistent with the Mosaic record, but with the common 
meaning of tiie eipressions it uses. 

The discoveiy of Champoltion has put this question for ey,er at rest ; 
and M. Latronne, a mo^ leained antiquary, has veiy satis&ctorily de- 
monstrated that these Egyptian Zodiacs are merely ue horoscopes of 
distinguished personages, or the precise situation of the heavenly bodies 
in the Zodiac at their nativity. The idea that such was their purpose 
and origin, first suggested itself to tbis gentleman on finding, in the bot 
of a mummy, a similar Zodiac, with such inscriptions and characters as 
determined it to be the horoscope of the decMsed person. 

Of ail the diBcoveries <^ the antiquary among the relics of ancient 
Greece, the rains of Palmyra, the gigantic pyramids of Egypt, the 
temples of their gods, ot the sepulchres of their kings, scarcely one so 
aroused and riveted the curiosity of the learned, as did the discovery of 
ChampoUion the younger, whid^ deciphers the hieroglyphics of ancient 
Egypt 

The potency of this invaluable ditfcovery has already been signally 
manifested in settling a formidable controvert between the champions 
of infidelity and those who maintain the Bible account of the creation. 
It has been shown that the constellation Pisces, since the days of Hip- 
parchus, has come, by reason of the annual precession, to occupy the 
same apparent place in the heavens that Aries did two thousand years 
ago. The Christian pstronomer and the. infidel are perfectly agreed as 
to the faet, and the amount of this yearly gain in the apparent motion 
of the stars. They both believe, and both can demonstrate, that the fixed 
stars have gone forward in the Zodiac, about 50" of a degree in every 
revolution of the heavens since the creation ; so thiit were the world to 
light upon any authentic inscription or record of past ages, which should 
give the true position or longitude of any particular star at that time, it 
would be easy to fix an unquestionable date to such a record. Accord- 
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inglj, when the &mouB << Egyptian Zodiacs," which were sculptured on 
the walls of the temple at Dendera, were brought away en mtiasey and 
eihibited in the Louvre at Paris, they enkindled a more exciting interest 
in the thousands who saw them, than ever did the entrance of Napoleon. 
« Educated men of eveiy order, and those who had the vanity to think 
themselves such,*' says the commentator of Champollion, " rushed to be- 
hold the Zodiacs. These Zodiacs were immediately published and com- 
mented upon, with more or less good fiuth and decorum. Science struck 
out into systems very bold ; and the spirit of infidelity, seizing upon the 
discoveiy, flattered, itself with the hope of drawing fix>m thence new sup- 
port It was unjustifiably taken for granted, that the ruins of Egypt 
furnished astrcmomy with monuments, containing observations that ex- 
hibited the state of the heavens in the most remote periods. Starting 
with this assumption, a pretense was made of demonstrating, by means 
of calculations received as in&llible, that the celestial appearances assign- 
ed to these monuments extended back firom forty to sixty-five centuries ; 
that the Zodiacal system to which they must belong, dated back fifteen 
thousand years, and must reach fax beyond the limits assigned by Moses 
to the existence of the world." Among those who stood forth more or 
less bold as the adversaries of revelation, the most prominent was M. 
Dupuis, the famous author of Vorigine de tous les Cuttes. 

The infidelity of Dupuis was spread about by means of pamphlets^ and 
the advocates of the Mosaic account were scandalized <* until a new 
Alexand^ arose to cut the Gordian knot, which men had vainly sought 
to untie. This was Champollion the younger, armed with his discovery." 
The, hieroglyphics now speak a language that aU can understand, and no 
(me gainsay. ** The Egyptian Zodiacs, then," says Latronne, ^ relate in 
no respect to astronomy, but to the idle phantasies of judicial astrology, 
as connected with the destinies of the empenns who made or completed 
them." 

TELESCOPIC OBJECTS. 

> 

A Closi Dovbls Star. — A. R = 1 h. 41 m. 19 s. Dec. = 4- 
210 28' r\ On the horn of Aries. A 6, yellow. B 8, blue. 
Discovered by HerscheL 

Poe. 1720 26^ Dist 3".378 Epoch 1823.98 Striive. 
169 54 2.400 1836.11 Smyth. 

y Ariktis.— A. R. = I h. 44 m. 46 s. Dec. = -|- 18° 30' 5". In 
the lower bend of the Ram*s horn. A 4^, B 5. This is the first double 
star ever detected. Less than one hundred yean have elapsed, and now 
th^ are niunbered by thousands. 
Discovered by Dr. Hook 1764. 
Miidler thinks motion is probable. 

Pos. 183° 55' Dist IfTATZ Epoch 1779.63 Heischel. 
179 30 8 .957 1831.79 Struve. 

178 20 8 .819 1841.78 Madler. 

175 37 9 .184 1847.65 MitcheL 

If we are to reoeiTe these observations as conclusive of periodic rovolu^ 
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tkn, iSbe mighty year of tfaeie two iniM cmiol fiJl much thort of lour 
thoawmd of our yean. 

A Rovim NiBULA. — A. R. s= 1 1l 60 m. 34 s. Dec. ss ^ 180 

IS' 6". FoUowing y on the neck of Aries. It ie quite large but uint 

A QuADBUPU Stab— A. R. sss I li. ftO m. 43 a. Dec. ss-f- 20^ 
16' r. Under the ear <tf Ariea. A 6, B 16» C 10, D 9 magnitude. 
Measoree of A and B only are given. The other distances are great. 

A to B Poa. rs 530 SS* Diet 2".370 Epoch 183242 Struve. 

10 ABims^^A. R. =s 1 h. 64 m. 86 8. Dec ;= -|- 260 OlT T, 
Over the head of the Ram. A 6|, B 8^. 
Discovered by Striive. 
Pos. 260 IT Dist. 1".98 Epoch 1833.06 Struve. 

«r Abtbtis.— A. R. r= 2 h. 40 m. 22 s. Dec. -|- I60 4r BT, On 
the haunch of Aries. A beautiful triple set. A 6, B SJ, C 11 
magnitude. 

Discovered by Sir W. Herschel, October 1782. 

ff Abibtis.— A. R. == 20 h. 50m. 04b. Dec = -^ 20^ 41' 08"* 
A very dose double star at the rtet of the tail of Aries. A 6, B 6|. 
Disoovered by StrCkve, and reckoned by him as among his closest, and 
marked •'pervidns.'' It vras one of the first tests employed after the 
erection of the Cincinnati Refractor, and so easily separated as to excite 
the suspidon that the distance between the components has been in- 
creanng. This is confirmed by the fi)llowing measures. 

Poa. I88O 60' Dist0".547 Epoch 1830.16 Struve. 
196 11 0.764 1841.87 Mudler. 

32 Abtbtis.— -A. R. ss 2h. 66m. 06s. Dec. =: -f 240 sr Or^ 
A triple set between the tail of Ariea and the Fly. A 6j, B 7, C 16, 
mag. Discovered by Struve. 

A to B Pos. 2660 34' 08" Dist. 0".45 Epoch 1841.87 Madler. 

AtoC 856 00 00 6.00 1836.88 Smyth. 

A ClosiDovbuStab^— A.R. = 3h. UulOOs. Decs=:4-20O 
S3' or. FoUowmg the tail of Aries. A 8, B 9, mag. 
Disoovered by S^ve. 
Pos. 930 42' Dist 0".76 Epoch 1827.16 StrUve. 
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DIRECTIONS FOR TRACING THE CONSTELLATIONS ON 

MAP NO. IV. 

Cetus — The Whale. 

Part of Eridanus — The Rivioi Po. 

Favorably situated for examination in October ^ Novem- 
ber, Decembery and January, 

THE WHALE. 

As the whale is the chief monster of the deep, 
and the largest of the aquatic race, no is it the 
largest constellation in the heavens. It occupies a 
space of 50° in length, E. and W., with a mean 
breadth of 20° from N. to S. It is situated below 
Aries and the Triangles, with a mean declination 
of 12° S. It is represented as making its way to 
the east, with its body below, and its head elevated 
above the equinoctial; and is six weeks in passing 
the meridian. Its tail comes to the meridian on 
the 10th of November j and its head leaves it on the 
22d of December. 

This constellation contains ninety-seven stars ; 
three of the 2d magnitude, nine of the 3d, and seve- 
ral of the 4th. , The head of Cetus may be readily 
distinguished, about 20° S. E. of Aries, by means 
of five remarkable stars, 4° and 5° apart, and so 
situated as to form a regular pentagon. The 
brightest of these is Menkar, a Ceti, of the 2d mag- 
nitude, in the nose of the Whale. It occupies the S. 
E. angle of the figure. It is 3j° N. of the equinoc- 
tial, and 15° E. of El Rischa, a Piscium, in the bight 
of the cord between the Two Fishes. It is directly 
37° S. of Aljgol, and nearly in the same direction 
from the Fly. It makes an equilateral triangle 
with Arietis and the Pleiades, bein^ distant from 
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each about 23^ S., and may otherwise be known by 
a star of the 3d magnitude in the mouth, 3^ W. of 
it, called y, placed in the south middle angle of the 
pentagon, r.. 

,, y Is a star of the 4th magnitude, 4^ N. W. of y, 
and these two constitute the S. W. side of the pen- 
tagon in the head of the Whale, and the N. £. side 
of a similar oblong figure in the neck. 

Three degrees S. S. W. of y, is another star of 
the 4th magnitude,in the lower jaw, marked Z, con-^ 
stituting the east side of the oblong pentagon ; and 
6^ S. W. of this, is a noted star in the neck of the 
Whale,called Mtra, marked o, or the " wonderful star 
of 1596," which formn the S. E. side. This variable 
star was first noticed as such by Fabricius, on the 
13th of August, 1596. It changes from a star of 
the 2d magnitude so as to become invisible once in 
334 days, or about seven times in six years. Her- 
schel makes its period 331 days, 10 hours, and 19 
minutes; while Hevelius assures us that it once 
disappeared for four years ; so that its true period, 
perhaps, has not been satisfactorUy determined. 

The whde iiiimbCT of iteni aaoertamed to be ▼ttriable, amonnti to only 
15 ; while thoee 'wbadk are vuspected to be fuiable amount to 37. 

Mira is 7^ S. S. E. of a Rscium, in the bend or 
knot of the ribbon which connects the Two Fishes. 
Ten degrees S. of Mira, are four small stars, in the 
breast and paws, about 3° apart, which form .a 
square, the brightest being' on* the ea;8t. Ten de- 
grees S. W. of Mira, is a star of the 3d magnitude 
in the heart, called Baten KaiioSy ^ Ceti, which makes 
a scalene triangle with two other stars of the same 
magnitude 7^ and 10^ west of it ; also, an equilateral 
triangle with Mira and the easternmost one in the 
square. 

A great nvrmber of geometrical figures may be formed ftom the stan 
in this, and in most of the other constellationa, merely by leference to the 
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maps ; bat it is better dist the fltndent ihoald ezerda^ hia own ingeirairf 
in this way with reference to the stem themeelTes, for when once he has 
eonstructed a group into any letter or figure of hia own invention, h« 
never will forget it 

The teacher should therefore require his class to commit to writing the 
resuH of then: own observations upon the relative position^ magnitude and 
figures of the principal stars in Mch constellation. One evening's exei^ 
dse in this way will disclose to the student a surprising multitude of 
crosses f squaresy triangles, arcs and Utters, by which he will be better 
able to iaentify and remember them, than by< any instructions that could 
be given. 

For example : e and ^, in the Whale, about 10^ apart, make up the 
8. E. <Nr shorter side of an iftegular square, with « in' the node of the 
Ribbon, and another star in the Whale as for to the right (^ ^, as « is 
above o. Again, 

There are three stars of equal magnitude, farming a straight line W. 
of Baten ; from which, to the middle star is lO^, thence to the W. one 
12^ ; and 8° or 9^ S. of this line, in a triangular diiedion, is a bright 
star of the second magnitude in the coil of the tail, called Diphda, or 4. 

TELESCOPIC OBJECTS. 

12 Ceti.— A. B. = Oh. 21 m. 538. Dec. = — 4© 50' 06". A 
difficult double star, between the Whale's tail and the Southern Fish. 
A 6^eUow ; B id, blue. Position and distance estimated as follows, iir 
the Bedford Catalogue : 

Pos. 180OL 56' Dist 6".5 Epoch 1837.89. 

A LONo iTABHow Nbhula. — A. R. s= Oh. 39 m. 46 s. DecL ss — 
260 10'. Near the boundary of the Apparatus Sculptoria. . . 

Discovered by Miss Herschel, in 1783. 

i2 Can.— A. R.= I h. 11 m. 38 i. Dec. s=s — lo 2I'. A doM 
double star,- between the whalers back and the band of Pisces^ — A 6» 
B 6 mag. Discovered by Struve and marked among his <* Vicinie ** staii. 
Pos. =ti 3340 SO' Dist. l'M77 Ep. 1836.91 Struve. > 

6! Cbti.— A. R. =s: .1 h. 56 m. 37 s. Dec. = — 1© oe' 6". A 
double star on the back of tfie head of Cetus. A 7, B 8^ mag. Db- 
covered by Struve, who reports the following measures. 

Pos. =s 260O OCT Dist. r.78. Epoch 1832.36. 

Cbti. Miba.— a. R. = 2 h. II m. 16 s. Dec =r _ 30 42' 3". 
A remaikable variable star, with a distant companion, on the middle of 
the whalers neck. It is the first of these wondediil objects ever discover- 
ed, and was noticed by David Fabridus as early as 1596. It becomes as 
bright as the second magnitude, and then decreases to invisibilily. Her- 
schel estimates its period at 331 days 10 hours 19 minutes. Its maxi- 
mum brilliancy is, attained about the first of October at this time. Th» 
color of this star is alio said to vaiy with die magnitude. 
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A Pi^AviTAET Nkbula.^— A. R, 3= S h 10 m. S6 1. Dec. = — lo 
5V 6". In the middle of the whaJe*a neck.' Disoorered by Heivchel, 
1786. 

V Cm.— A. R. =s 2 h. 27 m. 29 i. Dec. = -f 4© 63' 6". A 
double star in the whale** eye.. A 4^, yellow, B 1.^, blue. — ^Thii ie one 
of StruWa ** diffidke ". He leports the following meaeuieB : 

Pos. 830 3(K Dist. r.726 £p. \93iM. 

84 CiTi.— A. R=:2h.33nL02s. Dec. =s: — lo 22' T. A 
difficult object fike the preceding, on the whale's under jaw. Struve, 
iUi diflcoverer furniahee these measures : 

Pos. 3340 2T Diet 4".855 Ep. 1831.90. 

A RovKD NmBU(.A. — A. R. = 2h. 34 m. 30 «. Dec. = — OO 
41' O'Z". On the Whale's. lower jaw. Examined by Herschel, and 
placed in Vhe 910th order of distances ; that is, 910 times more remote 
than the fixed stars of the fiat magnitude. 

Discovered by Messier. 

y CiTT^—A. R. ar 2 h. 35 m. 01*. Decl. = ^ «o 83* o.V. A 
beautiful dofae double star, m the Whale's mouth. The Bedford Cata- 
logue regards the •* fixity*' of the components as established; while 
Madler ^inks an increasing motion certain, with a period of about 569 
years. The following measures are reported i 

Po8.=5 28»o 19' Dist2".8'dA Kpoch 1 825 42 Struve. 
287 06 2 .680 18XK36 " 

293 37 2.946 1841.14 MTtdler. 

Air Oval NxnvLX.-^A. R. ss 2 h. 38 m 08 s. Ded. s^ -^ 8^ IQT 
1". On the breast of the Whale. « It is pale, thoqgh c^istinct, and 
brightens at the center.'* 

Diaoorered by Herschel, 1785. 

94 Cktt.—A. R. =2= 3 h. 04 m. 38 s. Decl. as — lO 4r 09". A 
difficult double star in the top of the Whale's tongue. A 6 j, B 16, inag. 
Discovered by Bir John HerscheL 
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/HRECnONS FOR TRACING THE CONSTELLATIONS ON 

MAP NO. V. 

Taubus — The Bull. 

Orion. 

Part of Eridanus — The River Po. 

FcmoraUy situated for exandnation in December^ Ja- 
nmxry^ Febnuify and March. 

TAURUS. 

The Bull is represented in an attitude of rage, 
aA if about to plunge at Orion, who seems to invite 
the ondet by provocations of assault and defiance. 
Only the head and shoulders of the animal are to 
be seen ; but these are so distinctly marked that 
they cannot be mistaken. Taurus is now the se- 
cond sign and (Mrd constellation of the zodiac ; but 
anterior, to thb time of Abraham, or more than 4000 
years ago, the vernal equinox took place, and the 
year opened when the sun was in Taurus ; and the 
Bull, for the space of 2000 years, was the prince 
and leader of the celestial host. The Ram suc- 
ceeded next, and now the Fishes lead the year. 
The head of Taurus sets with the sun about the 
last of May, when the opposite constellation, the 
Scorpion, is seen to rise in the S, E. It is situated 
between Perseus and Auriga on the north, Gemini 
on the east, Orion and Eridanus on the south, and 
Aries on the west, having a mean declination of 
1 6^ north. 

It contains 141 visible stars, including two re- 
markable clusters, called the Pleiades and Htades. 
The first is now on the shoulder, and the latter in 
the face of the Bull. 

The Pleiades, according to fable, were the seven 
'daughters of Atlas and the nymph Pleione, who 
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vrere tnrned into stars, with their sisters the Hyades, 
OQ account of their amiable virtues and mutual 
affection. 

Thus we evaiywliere find that the tDdenti, with all their barbarian 
and idolatry, entertained the belief that unblemished virtue and a merito- 
lioDs li^ would meet their reward in die iky. ThvB Virgil repreaenta 
Magnus ApoUo as bending fiom the sky to address the youth lulus i-^ 

<* Made nova virtote poer : sic itur ad astra; 
Diis genite, et geniture Deos.** 

** Go on, spotleaB boy, in the paths <tf virtue ; it is the way to the stars; 
offipring (rf* the gods thyself— so shalt thou become the fittfater of gods." 

Our disgust at their superatitiions may be in some measure mitigated, 
by seriously reflecting, tlutt had some of these personages lived in our 
day, they had been oinamentB in the Christian church, and models of 
social virtue. 

The names of the Pleiades are Alcyone, Merope, 
Maia, Electra, Tayeta, Sterope and Celeno. Merope 
was the only one who married a mortal, and on 
that account her star is dim among her sister^. 

Although but six. of these dre visible to the naked 
eye, yet Dr. Hook informs lis that, with a twelve 
feet telescope, he saw 78 stars ; and Rheita affirms 
that he counted 200 stars in this small cluster. 

The most ancient authon^ such as Homer, Attains, and Geminus, 
counted only nx' Pleiides ; but Simonides, Varro, Pliny, Aratus, Hi{^ 
perchus, and Ptdemy, reckon them seven in number ; and it was as- 
serted, that the seventh had been seen before the burning of Troy ; but 
thisdifierenoe might arise from the diBerence in distinguishing them with 
the naked eye. 

The Pleiades are so called from the Greek word, 
ftxttivy pleeiuy to sail; because, at this season of the 
year, they were considered ** the star of the ocean" 
to the benighted mariner. Alcyone, of the dd mag- 
nitude, being the brightest star in this cluster, is 
sometimes called the light of the Pleiades. The other 
five are principally of the 4th and 5th magnitudes. 

The Pleiades, or as they are more familiarly 
termed, the seven stars, come to the meridian 10 
minutes before 9 o'clock, on the evening of the 1st 
of January, and may serve, in place of the sun, to 
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indicate th,e time, atid ait a guide to the sunronndiiig 
stars. 

Aocordiiig to Hedod, who wrote about 900 yean before the birlih of 
our Saviour, ihe heliacal riaing of the Fleiade8,took place on the 11th of 
May, about the time of harvest. 

" When, Atla84)oni, the Pleiad atan arise 
Before the sun above Ifae dawning skies, 
Tis time to reap; and when thay sink below 
The mom-iUumin'd west, 'tis time to tow." 

Thus, in all ages, have the stan been observed by the husbandman, 
for ** signs and fat seasons.** 

Pliny says that Thales, the Miletan astroiMner, determined the feos- 
mical setting of the Pleiades to be 36 days afler the autumnal equinox. 
This would make a diflferenoe between the setting at that time and the 
present, of 35 days, and as a day answers to about 59' of the ecliptic, 
these days will make 34® d*V. This, divided' by the annual precession 
i^")* will give 2466 years einoe the time of Thales. Thus does 
astnmomy become the parent of chronology. 

If it be borne in muid that the stars umfonnly rise, come to the meri- 
dian, and set about four minutes earUer every succeeding nigh^it will be 
very easy to determine at what time the seven stars pass the meridian on 
any night subsequent or antsoedekit to the Isl of January. For exam- 
ple : at what time will the sevto stave fulminate on the 6th of January ? 
Multiply the five days bV four, and take the result firom the time they 
culminate on the 1st, and it will give thirty mi|iutes after eight o'clock in 
the evening. 

The Pleiades are also sometimes called Vergilice^ 
or the '' Virgins of spring ; " because the sun enters 
this cluster in the *^ season of blossoms" about the 
18th of Ma}\ He who made them alludes to this 
circumstance when he demands of Job: "Canst 
thou bind the sweet influences of the Pleiades/' 
&c. — [Job xxxviii, 31.] 

The Syrian name of the Pleiades is Suceotkt or Suecoth-Benoih, de- 
rived from a Chaldaic word, which signifies ** to speculate to observe," 
and the "Men of Suocoth*' (3 Kings xvii, 30), have been thence 
coiundered observers of the stars. 

The Hyades are situated U^ S. E. of the' Pleiades, 
in the face of the Bull, and may be readily dis- 
tinguished by means of five stars so placed as to 
form the letter Y. The most brilliant star is on 
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the left, in the top of the letter, and called JJdeba* 
ran, a Taori, from which the moon's distance is 
computed. 

** A star of the 6nt magnitude illumM 
His radiant head ; and of the second rank, 
Another beams not &r remote." 

Alddfaran is of Arabic origin, and takes its name* 
from two words which signify, " He went before, or 
led the way " — alluding to that period in the history 
of astronomy when this star led up the starry host 
from the vernal equinox. It comes to the meridian 
at nine o'clock on the 10th of January, or 48^ 
minutes after Alcyone^ 47 Tauri, on the ls.t. When 
Ai*ies is about 27^ high, Aldebaran is just rising iti 
the east. So Makiuus : — 

« Thus when the Ram hath doubled ten degrees, 
And join*d seven more, then rise the Hyades.** 

A line IH^ E. N. E. of Aldebaran 'will point out 
a bright star of the 2d magnitude in the extremity 
of the northern horn, marked jS or El Nath ; (this 
star is also in the foot of Auriga, and is common to 
both constellations.) From ^ in the northern horn, 
to C in the tip of the southern horn, it is 8^, in a 
southerly direction. This star forms a right angle 
with a and jS. j3 and f , both, in the button of the 
horns, are in a line nearly north and south, 8^ 
apart, with the brightest on the north. That Very 
bright star 17^^ N. of ^, is Capella a, in the constel- 
lation Auriga, ' 

This map contains the most brilliant, and on 
all accounts, the most interesting portions of the 
heavens. According to the investigations of Striive, 
this region is nearer to our sun and system than 
any other portion of the celestial sphere, as will be 
more fully developed hereafter. Besides this,. Alcy- 
one is regarded as the great center of the millions 
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of Btars cIuBtered together and forming the Milky 
Way. 

This region, on account of its splendor, and the 
remarkable eonfigurations of its stars, forms an ad- 
mirable point in beginning the study of the heavens. 

TELESCOPIC OBJECTS. 

7 Tauhi.— A. R. = 3 h. 24 m. 68 8. Dec. = + 23© 65' 4". A 
triple star on the back of Taurus. A 6, fi 6^, C 11 magnitude. 

Discovered by Struve, and two of the cx>mponents are among his 
** TicinessenitB/'' or close stars. From his measures, compared with 
MSLdler'a, a retrograde movement in A and 6 seems to be certain. 

A to B Po8. 27 lo OC Dist. = 0".«3 Epoch 1827.16 Struve. 
264 36 0.56 1841.80 Miidler. 

A -f- B to C PoisL 630 36 Dist 22".26 Epoch 1827.16 Struve. 

2 60 18 22.50 1841.80 Midler. 

The period of A about B, is probably about 580 or 590 yean. 

30 Taubt— A. R. = 3 h, 39 m. 30 s. Dec. =: -|- 16© 38' 8\ A 
delicate double star on the left shoulder-blade of Taurua A 6, ** pale 
emerald." B 10, " purple." 

Discovered by Herschel. 

Pos. 580 46' Dist. 9".867 Epoch 1824.98 Struve. 

A Double Stab.— A. R. = 3 h. 51 m. 27 «. Dec = 22© 44' 7". 
In the neck of Taurus, between the Pleiades and Hyades. . A 7J, B S 
magnitud& A distant conipam(»i of the 1 2 magnitude. 

Discovered by Struve. 

Pos. 127° 41' Dist r.208 Epoch 1823.98 South. 

80 Taubi.— -A. R. = 4 h. 21 m. 01 s. Dec = 4- 15© It, A 

close double star on the BuU's fac^, 1^^ south west of Aidebaran. A 6, 

Pos; 120 5.V Dist 1".74 Epoch 1831.18 Struve. 

A Close Double Stab. — ^A. R. = 5 h. 7 m. 23 s, Dec. -J^ 18^ 
15' 3". On the southern horn of Taurus. A 8, B 8^. 
Discoveied by Struve. 
Poa. 1710 13' Di8t2".327 Epoch 1830.53 Struve. 

/ A Double Stab.— A . R. « 5 h. 8 m, 03 8. Dec. = -f 19© 67' 2*. 
In the middle of the southern horn of Taurus. A 8, B 11 magnitude. 
Discovered by Struve. 
Pos. 147*' 33' Dist 10''.547 Epoch 1828.19 Struvc 

118 Taubi.— A. R. = 6 h. 19 m. 25 s. Dec. == -|- 25© 00' 8*, 
Between the tips of the Bull's homfl, A 7, B 7^. 

Po0. 1060 46' Dist4"^9 Epoch 1829.63 Struve. 
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A Laroi NibulaJ— a. R. = 6 h. 24 m. 51 s. Decl. =3 4- 21© 54' 
02". One degree N. W. of ^ Tauri, on ihe tip of the Bull's louthem 
horn. Difloovered by Meener, 1758, and is No, 1 of his great catalogne. 
It was acddentally picked up while observing the oomet of that year, and 
induced Meesier to commence a search for such objects. It is resolved 
with difficulty by the best instruments, and Herschel reckons its profun- 
dity of the 980th order — that 'm, 960 times more remote than stars of the 
first magnitude. 

j,TAr»t.— A. R — 8h. 37m. 59il Ded. = -(- 23© 36' 3". Al- 
cyone, the principal ftar in the Pleiades, a small cluster visible to the eye 
in the neck of Taurus. This little group has ever been remarkable, but 
recently a tenfold interest has been given to it l^ the announcement of 
Dr. Madler of Dwpat, Rusaa, that its chief star, Alcyone, is the central 
sun of oar iuiral ay stem. It is absolutely certain that the law of gravi- 
tation extends to the fixed stars, as is abundantly riiown by the orbitual 
revolution of the dokible stars, whose periods and places have been com- 
puted and predicted by the application of tills law. 

This being certiain, in the mighty group of millions of stars with which 
our own sun b associated, there mus/ be a etnier vf gravity ; and it 
then remains to detenhine whether this point is filled by a ponderous 
globe, of vast dimensions, and bearing the same relation in point of mag- 
nitude to the millions of suns by which it is surrounded, as our sun does 
to the planets, satellites, and comets by which it is encircled. Analogy, 
m the sdar system, taught the existence of such a ponderous mass, but 
this analogy was broken in- the revolving stars; in which it often occurs 
that the components are nearly equal in magnitude, moving round a 
common center of gravity. 

Again, in examining the heavens, such a mighty preponderating; body 
would be detected by the swifter proper rnotLon of the stars in its vicinity. 
After a laborious search, Mudler reached the conclusion that no such vast 
globe existed, and that the center of gravity, probably vacant, could only 
be found by a severe examination of tfae proper motions of the fixed stars. 
By a beautiful train of reasoning and clojsely conducted research, he 
finally reached the conclusion that Akyaney in the Pleiades, rum holds 
the high rank of central wn / but that, in the course of ages, by the 
perpetual changes constantly going on among the components of our 
astral eystemy this rank may pass to some other star. He computes 
roughly the distance of Alcyone, and reckons it to be so great, that light, 
flying with a vdodty of twelve millions of miles a minute, cannot reach 
us firom that star in less than 537 years. ' He further computes roughly, 
that our sun revolves about Ak^one m a period of 18,200,000, in an 
orbit incHned to the ecliptic under an angle of 84^ 00'. Should this 
wonderful theoiy be confirmed, the proper motions of the fixed stars 
assume a new and increased interest-^^See Madler*s Paper, ** Central 
i^un"' — Mitchers Sidereal Messenger, Nos. 4 and 5, Vol. L) 

A NsBULovB Stab^ — A. R. = 3 h. 59 m. dfi-s. Bed. -f- 30^ 20 
O.V. Over the neck of l*aurus. This object was discovered by tfai 
elder Hersdhel, and was the final link in that long diain of observatioi 
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which led totfaa adoption oftfaa ^nebular tfamy." The ilBT is perfectly, 
in the center of the nebulous atmoaphere which aunounda it, and Heiw* 
ichel aiguea the nebuloai^ of thia aeeming atmoaphere from the iiakct that, 
in caae each shining point ia a atar, what muat be the magnitude of the 
central orb, which exoeeda them all in the enonnoua ratio of milliona to 
one. Theae nebuloua atara an oectainly moot wondeiful objecta, and 
deaerre the moat rigid acrutiny. 

V Tauki^A. R. =4h. l«m.6la. Bed. = +• «50 14' or. A 
double atai at the back of the Bull's ear. ' A 6, B 8, mag. 
Foa.260 00' Diat ^^^.a Ijpoch 1831.91 Smyth. 



* ORION. 

Whoever looks up to this constellation and leamn 
its name, will never forget it. It is too beautifully 
splendid to ne)^d a description. When it is on the 
meridian, there is then above the horizon the most 
magnificent view of the celestial bodies that the 
starry firmament affords ; and it is visible to all the 
habitable world, because the equinoctial passes 
through the middle of the constellation. It is rep- 
resented on celestial maps by the figure of a man 
in the attitude of assaulting a Bull, 'with a sword in 
his- belt, a huge club in his right hand, and the skin 
of d lion in his left, to serve for a shield. 

Manilius, a Latin poet, who composed five books 
on astronomy, a short time before the birth of our 
Saviour, thus describes its appearance : 

<* First next the Twins, see great Orifm liae. 
His arms extended f>tretch o*er half the akiea; 
His stride as laige, and with a steady pace 
He marches on, and measures a ^ast space; 
On each broad shoulder a bright star displayed, 
And three obliquely grace his hanging blade. 
In his Tail head, immerB'd in boundlefB spheres, I 

Three stara, less bright, but yet as great, he beai% 
But fiurther off removed, their sfdendor's lost; 
Thus grac'd and arm'd, he leads the stany host** 

The center of the constellation is midway between 
the poles of the heavens and directly over the equa* 
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tor. It ii al30 about 8^ W. of the solstitial colure, 
and comes to the meridian about the 23d of Janu- 
ary. The whole number of visible stars in this 
constellation is seventy-eight ; of which two are 
of the Ist magnitude, four of the 2d, three of the 
3d, and fifteen of the 4th. 

Those four brilliant stars in the form of a long 
square or parallelogram, intersected in the middle 
by the •* Three Stars,'* or " Ell and Yard," about 
25° S. of the Bull's horns, form the outline of Orion. 
The two upper stars in the parallelogram are about 
15° N. of the two lower ones ; and, being placed 
on each shoulder, may be called the epaulets of 
Orion. The brightest of the two lower ones is in 
the left foot, on the W., and the other, which is the 
least brilliant of the four, in the right knee. To be 
more particular : Bellatrix, y Orionis, is a star of the 
2d magnitude on the W. shoulder ; Betelguese, a 
Orionis, is a star of the Ist magnitude, 7i° E. of 
Bellatrix, on the E. shoulder. It is brighter than 
Bellatrix, and lies a little farther towards the north ; 
and comes to the meridian thirty minutes after it, 
on the 2l6t of January. These two form the upper 
end of the parallelogram.. 

lUgely ^ Ononi&y is a splendidstar of the 1st mag- 
nitude, in the left foot, on the W. and 15° S. of 
Bellatrix. Saiphy is a star of the 3d magnitude, in 
the end of the sword scabbard^ 8^° E. of Rigel. 
These two form the lower end of the parallelogram. 



-^Fintiinnok 



Hie martial star upon hia abouldor flames: . 
A rival star illuminates his &ot<;. 
And on bis gixdle beams a luminarjr 
Which, in vicinity of other stais, 
Might claim the proudest honoro." 

There is a little triangle of three small stars in 
the head of Orion, which forms a larger triangle 
with the two in his shoulders. In the middle of the 
6 
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parallelogram are three stars of the 2d magnitode, 
in the belt of Orion, that form a straight line aboat 
3° in length from N. W. to S. E. They are usually 
distinguished by the name of the Three Stars^ be- 
cause there are no other stars in the heavens that 
exactly resemble them in position and brightness. 
They are sometimes denominated the Three JSngs^ 
becauHC they point out the Hyades and Pleiades on 
one side, and Sirius, or the Dog-star on the other. 
In Job they are called the Bcmds of Orion; while 
the ancient husbandmen called them Jacdfs rod^ and 
some times the Bake, The University of Leipsic, in 
1807, gave them the name of Napdeon, But the 
more common appellation for them, including those 
in the sword, is the EU and Yard. They derive the 
latter name from the circumstance that the line 
which Unites the ^ three stars " in the belt measures 
just 3^ in length,and is divided by the central star 
into two equal pari;s, like a yard-stick ; thus serving 
as a graduated staadard for measuring the distances 
of stars from each 4»ther. When therefore any star 
is described as beiag so xnajQy degrees from anothef , 
in order to determine the di:<tance, it is recommend- 
ed to apply this rule. 

It is ^neoesfaiy that the scholar should tad: his mgeDoitj only a few 
evenings in applying such a standard to the sUis, before he will leant to 
judge of their relative distances with an accuiacy that will seldom muy 
a degree from the truth. 

The northernmost star in the belt, called MtiUika^ 
3, is less than |^^ S. of the equinoctial, and when on 
the meridian, is almost exactly over the equator. 
It is on the meridian, the 24th of January. 

The " three stars " are situated about 8° W. of 
the solstitial colure, and uniformly pass the meridian 
one hour and fifty minutes afler the seven stars. 

There is a row of stars of the 4th and 5th mag- 
nitudes, S. of the belt,' running down obliquely to- 
wards Saiph, which forms the sword. This row is 
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also called the Ett^ because it is once and a quarter 
the length of the Yard or belt. 

A very little way below Thabit, > Orionis, in the 
sword, ther^ is a nebulous appearance, the most 
remarkable one in the heavens. With a good tele- 
scope an apparent opening is discovered, through 
which, as tiirough a window, we seem to get a 
glimpse of other heavens, and brighter regions 
beyond. 

As th6 telescope extends our knowledge of the stars and gfeatly in- 
peases their visible number, we behold hundreds and thousands, which, 
hut for this almost divine improvement of our 'vision, had forever remain- 
ed, unseen by us, in an un&thomable void. 

A star in Orion's sword, which appean single to the unassisted 'visiiMi, 
is multiplied into six by the telescope ; and another into twelve. Galileo 
found eighty in the belt, twenty-one in a nebulous star in the head, and 
about five hundred in another part of Orion, within the compass of one 
or two degrees. Dr. Hook saw seventy-eight stara in the Pleiades, and 
Rheita with a better telescope, saw about two hundred in the same cluster 
and more than two thousand in Orion. 

About 9° W. of Bellatrix,y, are eight stars, chiefly 
of the 4th magnitude, in a curved line running N. 
and S. with the concavity towards Orion ; these 
point out the skin of the lion in his left hand. Of 
Orion, on the whole, we may remark with Eudosia: 

** He who admires not, to the stars is blind.*' 

As the constellation Orion, which rises at noon about the 9th day of 
March, and sets at noon about the 2l8t of June, is generally supposed to 
be accompanied, at its rising, with great rains and storms, it b^me ex^ 
tremely terrible to mariners, in the early adventures of navigation. Virgil, 
Ovid, and Horace, with some of the Greek poets, make mention of this. 

Thus Eneas accounts for the storm which cast him on the African 
coast on his way to Italy : — 

** To that blest shore we steer*d our destined way, 
• When sudden, dire Orion rous'd the sea : 
All charg'd with tempests rose the baleful star. 
And on our navy pour'd his wat'ry war." 

To induce him to delay his departure, Dido*s sister advises her to 

•« Tell hun, that, charged with deluges of ram, 
Orion rages on the wintry main." 
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The name of tfaia constdlation is mentioDed ixi the hockB <if Job arid 
Amofl, and in Homer. The inspired prophet, penetrated like the f«li«w««: 
of Israel, with the omniscience and power displayed in the celestial glories, 
utters this sublime injunction : <* Beek Him that makelh the seven stars 
and Orion, and tumeth the shadow of death into morning.'* Job also, 
with profound venerati(m, adores His awful majesty who '<< oommandeth the 
sun and sealetfa up the stars ; who alone spreadeth out the heavens, and 
maketh Arcturus, Orion, and Pleiades, and the chambers of the south : " 
And in another place, the Almighty demands of him — -< Knowest thou 
the ordinances oi heaven 1 Canst thou bind the sweet influences of the 
I^eiades, or loose the bands of Orion ; canst thou bring forth Mazzaroth 
in his season, or canst thou guide Arcturus with his sons 1 " 

Calmet supposes that Mazzaroth is here put for the whole order of 
eelestial bodies in the Zodiac, which by their appointed revolutions, pro- 
duce the various seasons ci the yeair, and the regular succession of day and 
night Ardurtu is the name of the princip«d star in Bootes, and is 
here .put ioft the constellation itwlf. The expression, his sons^ doubtless 
refers to Asteiion and Ohara, the two grcnrhounds, with which he seems 
to be pursuing the great bear around the Piorth pole. 

TELESCOPIC objects/ 

258 P. IV. OmoKis.— A. R = 4h. 49m. 48s. Dec = -}- l© 

S5' 04". A double star preceding Orion's right knee. A 8^, B 9, mag. 
Discovered by Herschel. 

Pos. 1740 6r Dist 2''.00 Epoch 1782.85 Herschel. 

179 54 2 .64 1832.09 Strive. 

f Oriohis.-^A. R. =r 5 h. 04 m. 65 s. Dec. = -|- 2® 39* 09". A 
double star between the right arm and thigh of Oiion. A 6, B 8^, die 
first orange, the second blue. 

Pos. 63«» 28' Dist. 7".06 Epoch 1832.05 Struvc. 

^ Oriowis.— A. R. = 5 h. 6 16. 51 8. Dec = — 8° 23' 05". Bi- 
gelf a double star in the right foot of Orion. A 1, *< pale yellow,'* B 9, 
''sapphire blue." A third stto has been recently added by artificial 
occultation, at the Cincinnati Observatory. It is of the 20t]i magnitude, 
and invisible without hiding the principal stars. 

The relative positions of the stars remain unchanged since their dis- 
covery, in 1781. 

Discovered by Herschel. 

Poa 199<' 46' Dist 9^.14 Epoch 1831.53 Struve. 

84 P. V. Onioins.— A. R, = 5 h. 16 m. 63 s. Dec = + l** 46' 4". 
A close double star in Orion's right side. A 8, B 10. The components 
are fixed. 

Discovered by Herschd. 

Pos. 323® 13' Dist 2 '.61 Epoch 1831.81. 

82 Oriohis.— A. R. == 5 h. 22 m. 13 s. Dec =s 4- 5© 49^ 03". A 
ckMe double star on the right shoulder of Orion. A 5, B 7, mag. A com- 
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ptrisim of late measares with thoae of Henchel in 1780, indicates a dow 
retrograde motiou, amounting to some 10<^ or 12° in half a centuxy. 
Po0. 203'' 45' Dist i".04 Epoch 1830.96 Struve. 

33 Oaiov».-^A. R. = 6 h 82 m. 6 1 a. Dec :s ^ 3« OIK 9^. A 
dooe double star on the right ahoalder. A 6» B 8, mag. 
JPoa. 2d<> 35' Dist r'.87 Epoch 1831.22 Struve. 

X Oaioirifi.—A. R. =s 6 h. 29 m. 19 a. Dec. s 4- 9« 49^ 08^. A 
double star in the ear of Orion, A i, « pale white/' B 6, violet. Mo 
change has been detected. 

Discovered by Herschel, 1779. 

Pos. 40<> 32' Dist 4".24 Epoch 1830.21 StrCiVe^ 

S Orioicis.— -A. R. z= 5 h. 27 m. 25 a. Dec.— S*' 30'. A sextuple 
star in the great nebula in the sword scabbard of Orion. A 6» B 7, 
C 7^, D 8, E 15, F 16, mag. For more than fi% years this object waa 
regarded as only qwidruple. After the mounting of the ** Dorpat refrac- 
tor,** Struve added a Jifth star to the four already known ; and a few 
years since a sixth was discovered by Sir James South. 

It is not certain that any change has yet been detected among the 

components of this remarkable group. 

Pos. AB, 3110 u' 

A C, 60 07 

A D, 342 10 

B E, 355 42 

Tas Grsat Nsbula iir Oaioir.-^A. R. a= 6 h. 27 m. 25 s. Dee. 
=ss — 5° 30*. This stupendous object is situated in the middle of the 
ecabbard of Orion's sword. Discovered by Huygens, 1656. It has been 
an object of the greatest interest, to all astronomers, in consequence of its 
brilliancy and extraordinary magnitude. Sir William Herschel Y«peat- 
edly examined it with scrutiny with his forty feet refractor, but detected 
noUiing like resolvability. Most accurate drawings were made by his 
son, without any suspicion that it was composed of a mass of stars. As 
Sir John Herschel remaiked, the greater the power employed the more- 
mysterious did the object appear. Dr. J. Lamont, of Munich, has exa- 
mined this nebula with great attention, and many years since affirmed 
that with the twelve inch refractor of the Munich Observatory, he caught 
glimpees of multitudes of point-&ke stars, crowding and producing the 
brighter parts of the nebula ; yet to this announcement little heed seems 
to have been given. On mounting the giant reflector of Lord Rosse, it 
was a matter of deep interest to learn the appearance of tins nebula under 
the scrutiny of this magnificent instrument More than one astronomer 
made the joun^ey to the castle of Lord Rosse, to inspect this wonderfiil 
object For a long time it resisted the full power oi the greatest of all 
optical instruments, until at length Lord Rosse makes the foUowing an- 
nouncement: 

«« Cattle Parsontown, March 19. 1846. 

** In accordance with my promise of communicating to you the result 
itf our examination of Oiion, I think I can safely say there can be but 
o2 
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little, if any doubt, as to the reaolvability of the nebula, tiimce yon left 
11% there was not a single night, when, in absence of the moon, the air 
was free enough to admit the use of more than half the magnifying 
power the speculum bears ; still,, we could plainly see, that, all about the 
trapezium is a mass of stars ; tiierest of the nebula abounding- in stars, 
and exhibiting the characteristiGe of reaolvability strongly marked. 

<«Rossx.^ 

This announcement has been made the basis of an argument, by Dr. 
Nichol, to overthrow (he nebular theoiy of the formation of the universe ; 
a theory which had derived much of its popularity from the powerful 
argument in its behalf made by the same gentleman, a short tittie before, 
in his '< Architecture of the Heavens.*' If Lord Rosse is quite sure of 
the resolution of the nebula, it but confirms the previous declaration of 
Dr. Lamont, and the nebular theory loses but little of its former strength 
by the removal of a prop already much shaken by the Munich Astronomer. 
Resolved or unresolved, this is certainly, under every aspect, one of the 
most sublime objects revealed by telescopic agency — so vast that the 
mind fails, utterly, to grasp its nughty outlines. Asa starry system, it is 
so distant that the light which, leaves it, to journey to our eyes, spends 
no less than :^0,000 years in sweeping over the stupendous interval. As 
a: nebula, it contains materials sufficient for the production of millions of 
suns and systems. View it as we may, its vastness, its magnificence, must 
exalt our ideas of the omnipotence ofthe Great Architect of the Heavens. 
Under the fiill power of the Cincinnati refractor, the deep contrast be- 
tween the brilliancy of the stars and nebulosity, and the jet black heavens 
on which they 9xe seen, is one of the most beautiful sights in the heavens. 
Whether this biackneaa be the efiect of mere contrast, or an intrinsic 
darkness, occasioned by the abseQce of all lights it is difiScult to determine. 
This is not a solitary instance of the phenomenon in question. I have ob- 
served the same in several other instances*— but in no case have I remark- 
ed such intense blackness in the heavens, as about this nebula. 



r Oaio!»is.^A. R =: 6 h. 30 m. 43 s. Dec, = — 20 41' 8^ A 
multiple star just below the belt of Orion, an excellent object for testing 
the light of telescopes. There are no less tiian ten stars counted c« the 
components of this one. A 4, a 11, B 8, C 7, D 8^, £ 9, P 8, 
magnitudes. 

34 Herschsl, Obiokis. — A. R. ss 5 h. 38 m. 81 s; Dec. = -|* 
90 00' 2". A planetary nebula on Orion's neck. 

Discovered by Herschel, and described by his son as « a small pale, 
but distinct nebula, with a fidnt disc, rather oval, and perhaps a little 
mottled." 

7S Messier, Orio^yis. — A. R = 5 h. 38 m. 83 s. Dec = -^ 0^ 
00' 7". <* Two stars in a wispy nebula, just above Orion's hip." This 
is a remarkable object 

Discovered by Messier in 1780. 
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53 Obi^itis.— A. R.s=6h.39m.84a. D9& ss + GO SS' r . A 
dose dofaUe iter in Oiion*s left dioulder. A 6, B 6^ magnitude. The 
position has never dianged. 

Pps. 2000 01 Diflt. 1".76 Epoch 1831.38 Stru^. 



ERIDANUS. 

The Riveh Po. — This constellation meanders over 
a large and very irregular space in the heavens. It 
is not easy, nor scarcely desirable, to trace out all 
its windings among the stars. Its entire length is 
not less than 130^; which, for the sake of a more 
easy reference, astronomers divide into two sections, 
the northern and the southern . That part of it which 
lies between Orion and the Whale, including the 
great bend about his paws, is distinguished by the 
name of the Northern stream ; the remainder of it 
is called the Southern stream. 

The Northern stream commences hear Rigel 
(Map No. V), in the foot of Orion, and flows out 
westerly, in a serpentine course nearly 40^, to the 
Whale (Map No. IV), where it suddenly makes a 
complete circuit and returns back nearly the same 
distance towards its source, but bending gradually 
down towards the south, when it again makes a 
similar circuit to the S..W. and finally disappears 
below the horizon. 

West of Oriotiis (Map No. V) there are five or at stars of the dd and 
4th magnitudes, arching up in a semicircular farm, and marking the first 
hcnd of the northern stream. About 8^ below these, or I9<^ W. of yg, 
is a bright stsr of the 2d magnitude, in the second bend of the northern 
stream, marked y. This star culminates thirteen minutes after the 
Pleiades, and one hour and a quarter before fi. Passing y, and a smaller 
star west of it, there are four stara nearly in a row, which bring us to the 
breast of Cetus. 8^ N. of ^, is a small star named Kied, which is thought 
by- some to be considerably nearer the earth than Sirius. 

Theemim, in the southern stream, is a star of the 3d magnitude, about 
17^ 8. W. of the square in Lepus, and may be known b^ means of a 
SQialler star, 1° above it. Ackernar is a brilliant star of the 1 st magnitude, 
in the extremity of the southern stream ; but having 58<^ <^ 8. dedina* 
tion, can never be seen in this latitude. 
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The whole number of stars in this constellation is 
eighty-four ; of which, one is of the Ist magnitude; 
one of the 2d, and eleven are of the dd. Many of 
these cannot be pointed out by verbal description ; 
they must be traced from the map. 

TELESCOPIC OBJECTS. 

98. P, m, EaiBAni.— A. R. s= 3 h. 28 m. 36 b. Dec. r= -j- OO 

03^ 7". A delicate double gtar , in the line joining « Ceti and (i Ononis, 
at one-third their distance. A 6^, yellow ; B 9, pale blue. 

Discovered by HerscheL 

PoB. 2S5<' IS' Diflt 6".812 Epoch 1834.02 Struve. 

This object is between the Bull's chest and the northern branch of die 
River. 

107 HiRscHiL I» Ebisa^ti. — ^A R: ss 3 h 33 m. 02 s. Dec. ss 
-~ 19° 04' 8". A white nebula between the two northern reaches of 
the River. 

Discovered by HeischeLy and described as <* pale but distinct, round and 
bright in the center." 

82 Ebtdahi.— A. R. = 3 h. 46 m. 16 s. Dec = — 30 2.V 9". . A 
double star between the chest of Taurus and the River. A ft, yellow ; 
B 7, sea green. 

Discovered by HerscheL 

Pos. 3490 45' Dist. 6".76 Epoch 1825.00 Struve. 

39 Eribahi.— >A. R. =5 4 Ji. 06 m. 48 8. Dec. — 10<* 39' 4". A 
double star in the north, following bend of the River. A 5, ** fiiU yellow ; " 
B 11, « deep blue.'*. 

Discovered by HerscheL 

Pos. 1520 12* Dist 6''.28 Epoch 1833.14 Struve. 

26 HsRSGHBi. rV, EiiinAiri.^A. R. =7 4 h. 06 m. 50 s. Dec. :s 
— 13° OO' 1" A planetary nebula under the N. F, bend of the River.' 

Discovered by Herschel, in 1784, who saw it slightly elliptical, and 
thought it might be a globular duster at an immense distance. 
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BIRBCTnONS FOR TRACINO THE CONSTELLATIONS ON 

* 

MAP NO. VI. 

AuiuGA — The Waoonbr. 

Favorably sitiuUed for examination in December^ 
Januaiy, February and March. 

AURIGA. 

The Charioteer, called also the Wagoner, is rep- 
resented on the celestial map by the figure of a man 
in a reclining posture, resting one knee upon the 
hom of Taurus, with a goat and her kids in his 
right hand, and a bridle in his left* 

It is situated N. of Taurus and Orion, between 
Perseus on the W. and the Lynx on the £. Its 
mean declination is 45^ N. ; so that when on the 
meridian, it is almost directly over head in New 
England. It is on the same meridian with Orion, 
and culminates at the same hour of the night. 
Both of these constellations are on the meridian at 
9 o'clock on the 24th of January, and 1 hour and 40 
minutes east of it on the Ist of January. 

The whole number of visible stars in Auriga is 
sixty-six, including one of the 1st and bne of the 2d 
magnitude, which mark the shoulders. CctpeUa, a 
Auriga^, is the principal star in this constellation, 
and is one of the most brilliant in the heavens. It 
takes its name from Capella, the goat, which hangs 
upon thQ left shoulder. It is situated in the west 
shoulder of Auriga, 24° E. of Algol, and 28° N. E. 
of the Pleiades. It may be known by a little sharps 
pointed triangle formed by three atars, 3° or 4° this 
side of it, on the left. It is alfeo 18° N. of ^ Tauri, 
which is common to the northern horn of Taurus, 
and the right foot of Auriga. Capella comes to the 
meridian on the 19th of January, just 2^ minutes 
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before j3, in the foot of Orion, which it very much 
resembles in brightness. 

MenkaUna, AurigB, io the east ahoulder, is a star of the 2d magni- 
tude, 7^0 £. of Capella, and cahnmates the next minute after Betelgueee, 
« Orionisy 87|o 8. of it 6, in the rig^t leg, is a star oF tlw 4th 
magnitude, 8^ directly south of Menkalina. 

It may be remarked' as a curious cmnddenoe, that the two stan in the 
shoulders of Auriga are of the same magnitude, and just as fiir apart as 
those in Orion, and opposite to them. Again, the two stars in the shoul- 
ders of Auriga, with the two in the shoulders of Orion, mftrk the ex- 
tremities of a long, narrow parallelogram, lying N. and 8., and whose 
length is just five times its breadth. Also, the two stars in Auriga, and 
the two in Orion, make two slender and similar triangles, both meeting 
in a common point, half way between them, at /0, in the northern horn 
of Taurus. 

DeltOf a star of the 4th magnitude in the Bead <^ Auriga, is about 9^ 
N. of the two in the shoulders, with which it makes a triangle, about half 
the hight of those just alluded to, with the vertex at Delta. The two 
Stan in the shpulders are therefore the base of two similar triangles, one 
extending about 9^ N., to the head, the other 18^ 8., to the heel, on the top 
of the horn : both figures together resembling an elongated diamond. 

Delta in the head, in the right shoulder, and 6 in the arm of Auriga, 
make a straight line with Betelguese in Orion, / in the square of the 
Hare; and in Noah's Dove ; all being veiy nearly on the same meridian, 
4^ W. of the solstitial colure. 

*< See next the Goatherd with his kids ; he shines 
With seventy stars, deducting only four. 
Of which Capella never sets to us. 
And scarce a star with equal radiance beams 
Upon the earth : two other stan are seen 
Due to the second order.*'-*-£iM2o8ui. 

TELESCOPIC OBJECTS. , 

• 

• Auaioa.— A. R. = 4h.48m.24f. Dec = -t- 87© 38* 6". A 
double star preceding the hip of Auriga. A 5. pale red ; B 9, light blue. 

Discovered by Sir W. Herschel, who records toe following measures. 

Pos. =s 86tJ» 37' Dist as: 6".fi0 Epoch 1779.86 

351 66 6 .46 18^:8.76 Struve. 

Though the distances recorded by Herschel diifer trom the later ones, 
there is no reason to believe that the difiference is due to an actual 
chuige in the places of these two stan. Herschel*s means of making 
measures were less perfect than those now in use ; and hia meateizes are 
less to be relied on, from this cause. 

5 AvRieiB,— A litde north, and Mowing • Auiigs. A delioelA 
double star. A 6, B 10 magnitude. 
Discovered by Struve, vridi the Potkova refiactor. 
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A CuMS DovBU 8TAm.-^A. R.=s4h. 57iii.11i. Dee. s: -}- 
370 08' 4". On the lower gannent of Auriga. A 7, B 8 magnitude, 
near a looee cluster. 

Discovered by Struve, whose meaaures stood as follows : 
Pee. 2190 IS' Diets: i"A\ Epoch 1828.60 

14 AuBton.— A. R = fi h. 04 m. 69 a. Dec. = + 32«» 29* 8". A 
triple star in the right knee of Auriga. A 5, B 7^^ C 16 magnitude. 
A and B. have been long known, C was recently added by Pio£ Struve. 
He records these measutes. 
A B Pos. 2250 48' Dist 14". 653 . Epoch 1830.55 
A C 342 37 12 .677 18:10.56 

A Ci.usT»B^— A. R = 6 h. 17 m. 18 a. Dec. =r -f- 35« 10' 3". 
On the robe under the left thigh of Auriga. This object is about 3' in 
diameter, and is composed of stars of various magnitudes, from the 10th 
to the 14th. It is preceded by a small double star. A 9^, B 1 1 magni- 
tude. Dist. 5".00 

JMscovered by Uerschel, 1787. 

A RicB Clttstsr — A. R = 5 h. 18 m. 41 a. Dec = ^ 36o 4V 
9". On the left thigh of Auriga. 

Discovered by Messier, 1764, and described by him as « a mass of stam 
of a square form, without any nebulosity, extending to about 15' of one 
degree." 

A Resoitablv NhsBi^A. — A. R. = 6 h. 20 m. 61 8. Dec =z ^ 
340 06' 9". On the lower gannent of Auriga. 

Ducovered by Herachel in 1793, who says that it seems to have one 
or two stars in tiie middle, or an iiregular nucleus. j 

I 

A FiBB Clusteb.— A. R = 5 h. 41 m. 46 8. Dec. =-|- 32® 30* 
1". In front of Auriga's left shin. , 

Discovered by Messier, 1764, and d^acxibed lui <*a mass of small start 
in nebulous matter." 

B Attbioa.— A. R. = 6 h. 48 m. 48 a. Dec. + 37© 11' 7". A 
fine double star in the left wrist A 4, lilac ; B 10, pale yellow. 
Pos. 2890 0' Dist. 30".0O Epoch 1832.64 

41 Aubtob.— A. R = 6 h. 69 m. 21 s. Dec. = -f 48© 44' l\ 
On the chin of Auriga. A 7. white ; B 7^, ^olet. 
P06. 3530 or Dist 7".99 Epoch 1830 31 Struve. 

Many other double and triple stars, nebuls and dusters, may be found 
on the charts, and by alignmeAt their places in the heavens may be 
readily made out 
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CHAPTER IL 

DIRECTIONS' FOR TRACING THE CONSTELLATIONS ON 

MAP. NO. VII. 

Gemini — The Twins. 
Cancer — The Crab. 
Canis Minor — The Little Dog. 

FavaraJblj/ situated for excaninaium in January ^ EArU" 
ary^ March and AprU. 

GEMINI. 

The Twins. — This constellation represents the 
twin brothers, Castor and Pollux. 

Gemini is the third sign^ but fourth constellaiion in 
the order of the Zodiac, and is situated south of the 
Lynr, between Cancer on the east and Taurus on 
the west. The orbit of the earth passes through 
the center of the constellation. As the earth moves 
round in her orbit from the first point of Aries to the 
same point again, the sun, in the meantime, will 
appear to move through the opposite signs, or those 
which are situated right over against the earth, on 
the other side of her orbit. 

Accordingly, if we could see the stars as the sun 
appeared to move by them, we should see it passing 
over the constellation Gemini between the 21st of 
June and the 23d of July ; but we seldom see more 
than a small part of any constellation through which 
the sun is then passing, because the feeble luster 
of the stars is obscured by. the superior effulgence 
of the sun^ 

When the ion k just entenng the oathnes of a coiisteUatioii on the 
H 
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east, its wefltem limits may be seen in the morning twilight, just above 
tlie rising sun. So v'hen &ie sun has arrived at the western limit of a 
constellation, the eastern part of it may be seen lingering in the evening 
twilight, just behind the setting sun. Under other circumstances, when 
the sun is said to be in, or to enter, a particular constellation, it is to 
be understood that the constellation is not then visible, but that those 
opposite to it, are. For example : whatever oonsteilation sets with Uie 
sun on any day, it is plain that the one opposite to it must be then rising, 
and continue visible throughout the night. A lao, whatever constellation 
rises and sets with the sun to-day, will, six months hence,' rise at sun- 
setting, and set at sun-rising. For example: the sun is in the center of 
Gemini about the 6th of July, and must rise and set with it on that day ; 
consequently, six months from that time, or about the 4th of January, it 
will rise in the east, just when the sun is setting in the west, and will 
come to the meridian at midnight; being then exactly opposite to 
the sun. 

^ow as the stars gain upon the sun at the rate of two hours every 
month, it follows that the center of this const^ation will, on the 17th of 
February, come to the meridian three hours earlier, or at o^clock in the 
evening. 

It would be a pleasant exercise for students to propose questions to 
each other, somewhat like the following: — What zodiacal constellation 
will rise azul set with the sun to-day 1 What one will rise at sun-setting ? 
What constellation is three hours high at sun-set, and where will it he at 
9 o*clock ? What constellation rises two hours before the sun ? How 
many days or months hence, and what hour of the eveniftg or mornhig, 
'i^ in what. part of the sky shall we see the constellation whose center is 
ji^^r where the sun is? &c., &c. 

''in. Sieving these and similar questions, it may be remembered that the 
sutii|»m the vernal equinox about the 2l8t of March, from whence it 
advances through one sign or constellation every suooeeding- month tfaere> 
after ; and that each conatellation'iB one month in advance of the gign 
of that name : wherefore, reckon Pisces in March, Aries in April, Taurtis 
in May, and Gemini in June, &c ;■ beginning witb^each- constellation at 
the 21 0t, or 22d of the month. 

Gemini contains eighty-five ataw, including two 
of the 2d, four of the 3d, and six of the 4th magni- 
tudea. It is readily recognised by means of the two 
principal stars, Castor And PdluXy a and ^, of the 2d 
magnitude, in the head of the Twins, about 4^^ 
apart. 

There being only 11 minutes difference in the 
transit of these two stars over the meridian, they 
may both be considered as culminating at 9 o'clock 
about the 24th of February. Castor, in the head 
of Castor, is a at^r of the 2d magnitude, 4^^ N. W. 
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of JPollax, and is the nortkemmost and the brightest 
of the two. Pollux is a star of the 2d magnitude, 
in the head of Pollux, and is 4}^ S. E. of Castor. 
This is one of the stars from which the moon's 
distance is calculated in the Nautical Almanac. . 

« Of the finned Ledean pair, 

One nxMt illustriouB itar adorns their ngn, 
And of the second order slune twin lights." 

The relative magnitude or brightness of these 
stars has undergone considerable changes at differ- 
ent periods ; whence it has been conjectured by 
various astronomers that Pollux must vary from 
the 1st to the 3d magnitude. But Herschel, who 
observed these stars for a period of twenty-five 
year:'', ascribes the variation to Castor, which he 
found to consist of two stars, very close together, 
the less revolving about the larger once in 342 
years and two months. 

Bradlj and Maskelyne fbimd that the line joining the two stars which 
fi>rm Castor was, at all times of the year, paiallelto the line joining Castor 
and Pollux ; and that both of the former move around a common center 
between them, in orbits nearij circular, as two balls attached to a rod 
would do, if suspended by a string afiixed to the center of gravity between 
them. 

« These men/* says Dr. Bowditdi, ** were endowed with a sharpness 
of vision, and a power of penetrating into space, almost unexamjpled in 
flie history of astronomy." 

Abouj^ ^XP S. W. of Castor and Pollux, and in a line nearly parallel 
with thdipi, $B a row of stars 3^ or 49 apart, chiefly of the ^d and 4th 
magnitudesj^which distinguish the feet of the twins. The brightest of 
these is Alhenot ^, in Pollux's upper foot ; the next small star S. of it, is 
in his other foot : the two upper stars in the line next above y, mark 
Gastor^s feet 

This row of feet is nearly two-thirds of the distance from PoUux to 
Betelguese in Orion, and a line connecting them will pass through 
Alhena, the principal star in the feet About twothirds of the distance 
from the two in the head to those in the feet uid nearly parallel with 
them, there is another row of three stars about 6^ apart which mazk the 
Knees. 

There are, in this constellation, two other remarkable parallel tows, 
Mng at right angles with the former ; one, leading from the head to the 
^oot of Castor, the brightest star being in the middle, and in the knee; the 
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other, leading from the head lo the &ot of Pollux, the brightest star, called 
Wasat, ^, being in the body, and ^, next below it, in the knee. 

Wasat is in the ecliptic, and very near the center of the constellation.' 
The two stars, fjL and Tejat, », in the northern foot, are also very near 
the ecliptic : Tejat is a small star of between the 4th and 5th magnitudes, 
20 W. of fjL, and deserves to he notic^ because it marks the spot of tiie 
summer solstice, in the tropic of Cancer, just where the sun is, on tiie 
longest day of the year, and is moreover, the dividing limit between tlie 
torrid and the N. temperate zone. 

Propus, also in the ecliptic, 2^o W. of », is a star of only the 5th 
magnitude, but rendered memorable as being the star which served for 
many years to determine the position of the planet Herschel, after its first 
discovery. 

Thus as we pursue the study of the stars, we shall find continually new 
and more wonderful developments to engage our feelings and reward our 
labor. We shall have the peculiar satis&ction of reading the same volume 
that was spread out to the patriarchs and poets of other ages, of admirii^ 
what they admired, and of being led as they were led, to look upon these 
lofiy mansions of being as having, above them all, a common Father with 
ourselves, " who ruleth in the armies of heaven, and biingeth forth their 
hosts by number." 

TELESCOPid OBJECTS. 

A Rich Clustkr.— A. R = 5 h. 59 m. 01 s. Dec = 24° 21' 3". 
Near 'Castor's right foot. A very fine object, constfiting of a crowd of 
atars from the 9th to the 16th magnitudes. 

Discovered by Messier, 1764. 

A Cluster A. . R. art 6 h 46 m. 66 s. Dec. s= -f- IB© lO* 6^ 

On the calf of the right leg of Pollux ; consists of minute stars of the 
12th and 1 6th magnitudes, arranged somewhat in the shape of a &n, aa 
described by former observers. 

Discovered by Sir W. Herschel, 1783. 

?. Geminoruk.— A. R. = 7 h. 08 m. H a Dec. = -[- 160 49'5''. 
A fine double star on the left thigh of Pollux. A 4^, white ; B 13, 
yellowish. 

Discovered by Striive, and thus measured. 

Poe. 30O55' Dist 9".56 Epoch 1829.86 

/ Gkmixorum.— A. R. = 7 h. 10 m. 34 s. Dec. = 4. 22° 16' 3 . 
A double star on the right hip of Pollux. A 3J, << pale white ; " B 9, 
« purple.*' 

Discovered by Herschel, 1781. 

Pes I960 54' Dist T.\5 Epoch 1829.72 Strilve. 

a Gkmihorum .-^A. R, = 7 h. 34 m. 47 a Dec = + 24© 46' 6 
A double star on the left shoulder of Pollux. A 4, orange ; B 10, pale 
blue. The minute companion of this star was pointed out as one of a 



CONSTELLATION OF GEMINL 89 



/ 



few which Sir John Heiachel thought dewrved jputicalar attention, to 
detennine whether it might not be a sateUiU tkinmg by rt/kded Sghi, 

I)iflcovered by Herschel, with his twenty feet reflector. 

Poe. 2310 9^ Diflt 6^0 Bpodi 1838.96 Smyth. 

61 Gemiitobum.— A. R. = 7 h. 17 m. 31 a. Pec=s4-3(P84'3*. 
A coarse double and close double star, making a quadruple set in ihe 
bins of Pdlux. A 7J, deep ydlow ; B 9, yellowish ; C 8, blue ; D 9, 
bluish. 

D C Po0. = 420 24' Bist. =: 6".6 Epoch 1886.86 Smyth. 

A GxxiHOKDM. — A. R. s= 7 h. 24 m. 23 s. Deo. ss -|. 82^ 14'. 
A beautiful- double star in the head of Caiftor, and named Castor. A 8, 
B 3^, magnitude. This is one of the intere8tin| binary Har9* The 
•eaiiiest position on record is by Bradly and Pound. 

Pos. 365<> 68" Epoch 1719.84 

This is deduced firom the recorded position of the line joinmg the center 
of the components of Castor, with reference to a third star of the 1 1th 
magnitude; distant ab6ut 72". In 1800, Sir W. Herschel made the 
poe. s=3 2930 0^, flinoe then we find, among others, these measures. 

Pos.26l<»or Dist. 4'^3S8 Epixb 1828.89 Struye. 

256 07 5 .280 ^836.88 Encke, Galk. 

252 49 4 .886 1841.1 1 Madler. 

Miidler has compvted the elements of flie orbit of this star, and found 
for a probable period 232 years. There are, howeyer, yet many difficulties 
m the way of reliable results, and computers differ. More observations 
are necessary to complete the examinations of this interesting binaiy 
system. 



.38 Gbmiworum.— A. R. = 6 h. 46 m. 37 s. Bee =4- 130 22' 6". 
A double star on the lefl instep of PoUux. A 6j, B 8, magnitude. The 
large star yellow, the small one pur|^ 
Discoyered by Herschel in 1781. 

Pos. 1790 54' Dist. 7".95 Epoch 1781 99 Hei^Khel. 
174 -53 6 .73 1829.24 Struye. 

172 02 6 .42 1841.27 Midler. 

|f adler thinks this system may be binary, in which ease its periodic 
time cannot fell much below 3000 years. < > 

4 CiusTEn.— A. R. = 7 h. 28 m. 57 s. Dec = + 21© 66' 7* 

On the left shoulder of Pollux. 

Discoyered by Herschel in 1783, and described as *< a beautiful clusta 
of many large and compressed small stars, about IS' in diameter." 

H 2 * 
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CANCER. . 

The Crab is now the fifth constellation and fourth 
sign of the Zodiac. It is situated in the ecliptic^ 
between Leo on the E. and Gemini on the W. It 
contains eighty-three stars, of which two are of the 
4th magnitude. 

Beta is a star of the 4th magnitude, in the south- 
western claw, 10° N. E. of Procyon,tt Canis MinoriS) 
and may be known from the fact that it stands alone, 
or at least has no star of th^ same magnitude near 
it. It is midway between Procyon and Acubens. 

Acvhens, a, is a star of the 5th. magnitude, in the 
southeastern claw, IQP N. E. of Beta, and nearly in 
a straight line with it and Procyon. It may be 
otherwise distinguished by its standing between 
two very small stars close by it in the same claw. 

Tegmine^ >, the last in the back, appears to be a 
small star, of between the 5th and 6th magnitudes, 
6^^ in a northerly direction from Beta. It. is a 
treble star, and to be distinctly seen, requires very 
favorable circumstances. Two of them are so near 
together that it requires a telescopic power of 300 
to separate them. 

About 7° northeasterly from Tegmine, is a nebu- 
lous cluster of very minute stars, in the crest of 
Cancer, sufficiently luminous to be seen by the 
naked eye. It is situated in a triangular position 
with regard to the head of the Twins and the Little 
Dog. It is about 20° W. of each. It may other- 
wise be discovered by means of two conspicuous 
stars of the 4th magnitude lying one on either side 
of it, at the distance of about 2°, called the northern 
and southern Aselli. By some of the Orientalists, 
this cluster was denominated Prassepe^ the Manger^ 
a contrivance which their fanl^y fitted up for the 
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accommodation. of the Aselli or Asses; and it is so 
called by modern astronomers. The appearance 
of this nebula to the unassisted eye, is not unlike 
the nucleus of a comet, and it was repeatedly 
mistaken for the comet of 1832, which, in the 
month of November, passed in its neighborhood. 

The southern Asellus, marked a, is situated in the 
line of the ecliptic, and in connection with S and 
Gemini, tj, marks the course of the earth's orbit for 
a space of 36^ from the solstitial colure. 

There are several other double and nebulous 
stars in this constellation, most of which are too 
small to be seen ; and indeed, the whole constella- 
tion is less remarkable for the brilliancy of its stars 
than any other in the 2iOdiac. 

The sun arrives at the sign Cancer about the 2 let 
of June, but does not reach the consteUatioa until the 
23d of July. 

The mean right ascension of Cancer is 128°. It 
is consequently on the meridian the 3d of March. 

A few degrees S. d Cancer, and about 17^ E. of Procyon, are four 
gtaiB of the 4th magnitude, 8^ or 4^^ apart, which mark the head of 
Hydja. 

The beginning of the sign Cancer (not the constellation^ is called the 
Tropic of Cancer^ and when the sun arrives at this point, it has reached 
its utmost limit of north declination, where it seems to remain stationary 
a few days, before it begins to decline again to the south. This station- 
ary attitwie of the sun is called the summer soblice ; from two Latin 
words signifying the su7i*8 standing still. The distance from the first 
point of Cancer to the equuioctial, which at present, is 23^ 27 f, is called 
the obUquity of the ecliptic. It is a remarkable and well ascertained 
fiust, that this IS continually growing leas and less. The tn^ics are 
slowly and steadily approaching the equinoctial, at the rate of about half 
a second every year ; so that the sun does not now come so &r north of 
the equator in summer, nor decline so &r south in muter, aa it must have 
done at the creation, by nearly a degree. 

TELESCOPIC OBJECTS, 

11 Cahcri.— A. R. = 7 h. 59 m. 02 8. Dec == + 27© 66' 4". 
A dose double star between the head of Pollux and the preceding daw 
of Canoer. A 7, B 12, magiihide. 
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Pos. 2180 62' Dist 3M8 Epoch 1828.26 StruTO. 

f Cakcbi.— A. K. = 8 h. 03 m. 02 fc Dec. s= + 18° 07' 6". A 
flue triple star just below the following daw of Cancer. A 6, yeUow ; 
B 7, orange ; C 7i, yellowish. 
Discovered by the elder Heradie]. 

A B Poe. 30 28* Dist.s= 1".00 Epoch 1781.90^0 ^v , 

AC 181 44 8.06 1781.90 5"®"*^'* 

1 .13 1833.272 ft. ._ 

6 .48 1833.27 5 ^**'*- 
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1 .060 1841.31^-^.,, 

5.008 1841.315^*^*"®'- 

This is a very remarkable object Captain Smyth deduced a period for 
A and B of sixty years, while C performs its revolution about the other 
two in 500 or 600 yean. Here is a temaiy systeni ; three suns re- 
volving about their common center of gravity, and doul^eas each attended 
by a retinue of planets. How wonderful must be the heavens to the in- 
habitants of the planets attached to this triple system. Imagme a yellow 
sun rising, an orange one on the meridian, while a pmple or blue, of red 
one, may be in the act of sinking below the horizon ! Again, the powerfoi 
analysis with which man urges his way through the intricacies of our 
simple solar system, would utterly fail to trace the career of a planet sub- 
jected to the contending influences of three grand oibs like the sun. M ay 
we not infer, &om this &ct, the existence of races of a higher order of 
intellect in the planets of these temaiy systems ? 

^ 2 Cawcw.— A. R. =s 8 h. 17 m. 6 8. Dea ss: + 27© 27' ftT. 
A close double star above the northern legs of Cancer. A 6, B 6J, 
magnitude. Its position is probably fixed. 

P08.21200I' Dist 4^563 Epoch 1829.45 Stri-ve. 

y I Cajicbi.— A. R. = 8 h. 17 m 08 s. Dec ss -}- 25° 03* 3": A 
double star on the crab's northern middle leg. A 7, B 7 j. 

Discovered by Herschel, 1782. Measur^ by him as follows : 

Pos. 570 61' Epoch 1783.07 Herschel. 

In 1822, Sir James South and Sir John Herschel found the position to 
be 37*^ 47', whence a rapid retrograde motion was inferred, but all subse* 
quent measures disprove this inference, and indicate a direct motion. 

Pos. 390 04' Dist. 5".723 Epoch 1841.35 Madler. 

/ Caw CHr— A. R. r= 8 h. 36 m. 35 •. Dec = -f- 1 8© 44' 4". A 
difikult double star under the crab's mouth. A 4^, B 15, magnitude. 



I CAircRi..*Jl. R. s 8 h. 37 m. 00 ■. Dec. s= 29'' 20* 4". A 
double star at the end of the crib^s aorthem claw. A 5^, pale orange; 
B 8, clear blue. This is the first double star I ever saw. In July 1842, 
I had the pleasure of exanuning it at the observatory of Sir James South, 
Kensington. The colon were distinct and beautifiiUy contrasted. 

Poa. 307"* 06' Dist 30".46 Enoch 1828.04 Struve. 

No material change ha« occurred in finy-four jwn, 0ie time smce iti 
iSisoovery by HencfaeL 
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67 M£88ii«, Gahcbi.— A. R. = 8 h. 42 m. 26 9. Dec. ss 4- 12« 
23' 6". A rich but scattered cluster, at the root of the southern claw of 
Cancer. It is readily reaoWed, and with a power of 157 Hcrschel counted 
two hundred stara of Taiious magnitodea, hoax the 9th to the smallest 
Du^putude. I have frequently examined this splendid object, and firom 
ha appearance suppose it to be one of the near ** island univerGea. ' 

DucoTerod by Messier, 1 780. 

IT 2 Cancbi.— A. R. = 8 h. 44 m. 28 8. Dec. = -}- 31© lO' 9". A 
dose double star over the crab*8 northern claw. A 5 J, B 7 magnitude. 

Disc4>veied by Sir W. Herschel. 1782 

Poa. 333*' 18' Dist= r.51 Epoch 1829.71 Strave. 

There is little evidence of any change of position, though the measuxM 
recorded are far from coincident 

«r 4 Ca^cei.— A. R. = 8 h. 61 m, 36 SL Dec = 4- 82*» 62' 4". A 
cloee double star, following the crab's northern claw. A 6, white ; B 
9, blue. 

Discovered by South, 1825. 

Pos.l370 4r Diat4^60 Epoch 1831.16 StrQve. 



CANIS MINOR. 

The Little Dog. — This small constellation is 
situated about 5^ N. of the equinoctial, and mid- 
way between Canis Major and the Twins. It 
contains fourteen stars, of which two are very 
brilliant. The brightest star is called Procyoriy 
marked a. It is of the 1st magnitude, and is about 
4^ S. E. of the next brightest, GomdzUy marked ^, 
which is of the 3d magnitude. 

These two stars resemble the two in the head of 
the Twins. Procyon, in the Little Dog, is 23° S. 
of Pollux in Gemini, and Gomelza is about the same 
distance S. of Castor. 

A great number of geometrical figures may be 
formed of the principal stars in the vicinity of the 
Little Dog. For example ; Procyon is 23° S. of 
Pollux, and 26° E. of Betelguese, and forms with 
them a large right angled triangle. Again, Procyon 
is equidistant from Betelguese and Sirius, and forms 
with them an equilateral triangle whose sides are 
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each about 26^. If a straight line, connecting 
Procyon and Sinus, be produced 23° farther, it will 
point out Phaet, in the Dove. 

Procyon is often taken for the name of the Little 
Dog, or for the whole constellation, as Sirius is for 
the greater one ; hence it is common to refer to 
either of these constellations by the name of its 
principal star. Procyon comes to the meridian 
fifty-three minutes afUr Siriut, on the 24ih of 
February ; although it rises, i^ this latitude, about 
half an hour hefort it. For this reason, it was called 
Procyany from two Greek words which signify {Ante 
Cards) " before the dog." 

** Caninila, fourteen thy stara ; but fiur 
Above them all, illustrious through the skies, 
Beams Proeyon z justly by Greece thus called 
The bright forerunner ci the greater Dog/* 

From an irregularity in the annual proper motion 
of Procyon, Bessel concluded that it was disturbed 
by some invisible opaque body of vast size, sunk in 
space, near Procyon. Striive has recently cast a 
doubt on the reality of this irregularity, and thinks 
it is due to imperfect observationB. 
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DIRECTIONS FOR TRACING THE CONBrrELi;.ATION« ON 

MAP NO. VIII. 

MoNOCERos — The Unicorn. 
Canis Major — The Great Doo. 
Lepus — The Hare. 
The Printing Press. 

Favorably situated for examination in January^ Fehrur 
ary and March, 

MONOCEROS. 

The Unicorn. — This is a modern constellation, 
which was made out of the unformed stars of the 
ancients that lay scattered (^yer a large space of 
the heavens between the two Dogs. It extends a 
considerable distance on each side of the equinoctial, 
and its center is on the same meridian with Procyoii. 

It contains thirty-one small stars, of which the 
seven principal ones are of only the 5th magnitude. 
Three of these are situated in the head, 3^ or 4^ 
apart, forming a straight line N. E. and S. W. about 
9" E. of Betelguese, in Orion's shoulder, and about 
the same distance S. of Alhena, in the foot of the 
Twins. 

The remaining stars in this constellation are 
scattered over a large space, and being very small, 
are unworthy of particular notice; 

TELESCOPIC OBJECTS. 

104 P. VI, MoirocBitoTiB. — ^A. R. s=: 6 h. 16 m. 30 ■. Dec. = -t- 
QO 32' 6''. A ooone triple, or close doobte star. A 7^, B and C, eaoi 
8^ magnitude. As A and B are 66" apart, we shall only have to do 
with B and C. This is one of Struve's ^ vindnisseme " stan. He 
reports these measures. 

Pos. 1680 48' Diat <K'.78 Epoch 1835.19 

11 MovocxBOTiB.— A. R. = 6h.21m.048. Dec =— 6® 66' 1". 



96 'GEOGRAPHY OF THE HEAVENS. 

A fine triple §tar in the right fore leg of Monoceroe. A 6}, B 7, G 8, 
magnitude. 

Discovered by Sir W. Herachel, and by him laid to be one of the moat 
beautiful aigfata in the heaTens. 

A B Poa. 101« 44' Dist *r.4K3 Epoch 1831.23 Struve. 

A B 103 41 2 .557 1842.21 Mudler. 

AG 810 00 7 .253 1831.23 Btruve. 

AG 311 23 7.205 1842.21 M:;dler. 

B G 304 40 9 .452 1842.21 Mildler. 

Mudler thinks this may prove to be a triple system, in which case the 
observations would indicate for A and B a period of neariy 17,000 yean^ 
and for B and G a period of more than 1,000 years. 

14 MpirocBHOTis. — A. R. = 6 h. 26 m. 06 s. Dec = -f- 7^ 41' 
6". A difficult double star in the eye of the Unicom. A 6, B 16, 
magnitude. Smyth^s estimates are follows : 

Poa. 210<» O' Dist 10".0 Epoch 1833.87 

15 MoirocnoTis.— A. R. == 6 h. 32 m. 10 a. Dee. = -|- 10^ OS' 
2". A triple star between the ears of Monoceros. .A 6, « greeniah ; ** 
B 9, " pale grey ; " G 15, « blue." 

Discovered 1^ Struve. 

Poa. A B 208O 66' DisL 2\76 Epoch 1 831 .37^ «.. 
AG 12 90 16.58 1831.37 5 "''^• 

50 Msssrui, MoirdciRoris^-^A. R. = 6 h. 55 m. II s. Dec rs= — . 
80 06' 7". A large cluster in the Milky Way, on the Unicorn's right 
shoulder, composed of stars vaiying from the 8th to the 16th magnitude 

Discovered by Messier, 1771. 



GANI8 MAJOR. 



The Great Dog. — Thia interesting constellation 
is situated southward and eastward of Orion, and 
is universally known by the brilliancy of its prin- 
cipal star, l^riiis, marked a, which is apparently the 
largest and brightest in the heavens. It glows in 
the winter hemisphere with a luster which is un- 
equaled by any other star in the firmament. 

Its distance from the earth, though computed at 
twenty millions of millions of miles, has been con* 
sidered less than that of any other star : a distance, 
however, so great that a cannon ball, which flies at 
the rate of nineteen miles a minute, would be two 
millions of years in passing over the mighty inter- 



CONSTELLATION OF CANIS MAJOR. 91 

val ; while sound, moving at the rate of thirteen 
miles a minute, would reach Sirius in little less 
than three millions of years. 

It maj be dMwn in llie aame manner, that a my of light, which occu- 
pies only eight nunutes and thirteen Mconda in coining to iu from the 
■on, which is at the rate of ntarly two hundred thousand miles a second, 
would be three years and eighty-two days in passing through the vast 
space that lies between Sirius and the earth. Consequently, were it 
blotted tmm the heayens, its light would continue visible to us for a period 
of three yean and eighty-two days afier it had ceased to be. 

If the nearest stars give such astonishing results, what shall we say of 
dwee which are atuated a thousand times as &r beyond theald, as these 
are from usi 

In the remote ages of the world, when everj' man 
was his own astronomer, the rising and setting of 
Sirius, or the Dog-star^ as it is called, was watched 
with deep and various solicitude. The ancient 
Thebans, who first cultivated astronomy in Egypt, 
determined the length of the year by the numbeV 
of its risings. The Egyptians watched its rising 
with mingled apprehensions of hope and fear ; as 
it was ominous to them of agricultural prosperity 
or blighting drought. It foretold to them the rising 
of the Nile, which they called Siris, and admonish- 
ed them when to sow. The Romans were accus- 
tomed yeai^ly , to sacrifice a dog to Sirius to render 
him propitious in his influence upon their herds 
and fields. The eastern nations generally believed 
the rising pf Sirius would be productive of great 
heat on the earth. 

Thus Virgil : 

— r— *' Tum stadles exurere Sirius agnw : 
Aidebant heibe, et victum seges ngra negabat" 

-^ Parched was the grass, and blighted was ^ com . 



Nor 'scape the beasts ; for Sirius, from on high. 
With ^wadlential heat infiBds the d^." 



* Accordingly, to that season of the year when 
Sirius rose with the sun and seemed to blend its 
own influence vrith the heat of that luminary, the 
I 
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ancients gave the name of Dog-days^ {Dies CanicU" 
lares). At that remote period the Dog-days com- 
menced on the 4th of August, or four days after the 
summer solstice, and lasted forty days, or until the 
14th of September. At present the Dog-days begin 
on the 3d of July, and continue to the 11th of August, 
being one day less than the ancients reckoned. 

Hence, it is plain that the Dog-days of the mod- 
erns have no reference whatever to the rising of 
Slrius, or any other star, because the time of their 
rising is perpetually accelerated by the precession 
of the equinoxes : they have reference then oi^ly 
to the summer solstice, which never changes its 
position in respect to the seasons. 

The time of Sirius* rismg varies with the latitude of the place, and m 
the same latitude, is sensibly changed after a course of years, on account 
of the precession at the equinoxes. This enables us to determine with 
approximate accuracy, the dates of many events of antiquity, which can> 
not be well determined by other records. We do not know, for instance, 
in what precise period of the world Hesiod flourished. Yet he tells 
us, in his Opera ei Dies, lib. iL v. 185, that Arcturus in his time rose 
heliacally, sixty days after the winter solstice, which then was in the 9th 
degree of Aquarius, or 89<> beyond its present position. Now 89^ : 54^" 
= 2794 years since the time of Hesiod, wh&h corresponds yery neariy 
with history. 

When a star rose at sun-settmg, or set at sun-rising, it was called the 
AckrorUeal rising or setting. When a planet or star appeared above the 
horizon just before the sun, in the morning, it was called the HtUacal 
rising of the star ; and when it sunk below the horizon immediately after 
the sun, in the evening, it was called the HeUacal setting. According 
to Ptolemy, stars of Hbe first magnitude are seen rising and setting when 
the sun is 12<=> below tiie horizon ; stars of tiie 2d magnitude require the 
sun^s depression to be 13^; stars of the 3d magnitude, 140, and so on, 
allowing one degree for eacli magnitude. The rising and settuig of the 
stars described in this way, since this mode of description often occurs in 
Hesiod, Virgil, Columella, Ovid, Pliny, dec, are called pvtHecd rising and 
setting. They served to mark the times of religious ceremonies, the 
seasons allotted to the several departments of husbandry, and the over* 
flowing of the Nile. 

The student may be perplexed to understand how 
the Dog-stair, which he seldom sees till mid- winter, 
should be associated with the most fervid heat of 
stimmef. This is explained by considering that 
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this star, in sammer, is over our heads in the day*- 
timSy and in the lower hemisphere at night. As 
'' thick the floor of heaven is inlaid with patines of 
bright gold,'' by day, as by night; but on account 
of the superior splendor of the sun, we cannot see 
them. 

Sirius is easily recognised, being the brightest star 
in the heavens, and is pointed out by the direction 
of the Three Stars in the belt of Orion . Its distance 
from them is about 23^. It comes to the meridian 
at 9 o'clock on the 11th of February. 

Mirzam, marked )3, in the foot of the Dog, is a star 
of the 2d magnitude, 5^^ W. of Sirius. A little 
above, and 4^ or 5^ to the left, there are three stars 
of the 3d and 4th magnitudes, forming a triangular 
iigure somewhat resembling a dog's head. The 
brightest of them, on the left, is called Myliphen^ 
marked 7. tt entirely disappeared in 1670, and 
was not seen again for more than twenty years. 
Since that time it has maintained a steady luster. 

WeseUy marked 5, is a star of the 3d magnitude, 
la the back, 11^ S. S. E. of Sirius, with which, and 
Mirzam in the paw, it makes an elongated triangle. 
The two hinder feet are marked by Naos and 
Lambda, stars of the 3d and 4th magnitudes, situ- 
ated about 3^ apart, and 12^ directly S. of the fore 
foot. This constellation contains thirty *one visible 
stars, including one of the 1st magnitude, four of 
the 2d, and two of the 3d ; all of which are easily 
traced out by the aid of the map. 

TELESCOPIC OBJECTS. 

y 1 CAins Majokii. — A. R. = 6 h. 29 m. 23 8. Bee. := — 199 
W V\ A double star in the Greater Dog'i left knee, about 39 south- 
west of Sirius. A 6^, B 8, magnitude. 

Pos. 2610 36' Dist ir.34 Epodi 1842.82 Main. 

a Caxts Majoris, Sibivs. — A. R. = 6 h. 38 m. 06 s. Pec. = — 
16'' SC l". A star of the firat magnitude in the mouth of the Greater 



c 
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Dog, the moit briUiaiit of d1 the fixed fltank The teleecopic appearance 
of this otyjectmnat be Men to be appreciated. Long before it enters the field 
of the telescope, its coming is indicated by a gradually brightening dawn, 
which slowly increases in splendor, until the star enters wkh its fiUl blaae, 
too powerful to be borne by the si^t 

Its entrance and diaappeasanoe reaemUe Ihe rising and setting of 
the sun. 

8iriu8 was long regarded as the nearest of all the fixed staxs, firom its 
exceeding brilliancy. Jjong and delicate measures have been made to 
determine its parallax, but without satis&ctoiy results. Yet ito proper 
motion is great, and readily deduced from a few years of obaerrationa. 
On a comparison of the place of Sinus, aslaid down by the earliest Greek 
astronomers, with its present position, and computing the changes due to 
the present rate of proper motion. Bessel deduces the curious fiict thai 
the annual proper motion is not uniform / This is true of a few other 
fi<ed Stan. To account for this .phenomenon, tieasel oonoeives thai 
Sirius is subjected to the influence of some vast body, which, from the 
feet of ite being non-luminous, has never been discovered. How wonder- 
frU would it be, if by a rigid scrutiny of the deviations of the proper moticms 
of Sirius from uniformity, we i^ould be led to a knowledge of the position 
in space of this dark disturbing body, of whose pbce and existence^ 
indeed, the sight can reveal to us nothing. 

The latest and best measures for parallax are by Henderson and 
McLear, who found for the angle subtended by the radius of the earth's 
orbit, at a distance equal to Sirius. 0".23, or about one quarter of one 
second of space. In case we adopt this as the true parallax, the distance 
of Sirius must be nearly eighty millions of millions of miles, and from ite 
i^lendor we are able to infer, with certainty, that its magnitude is veiy 
much greater than that of our sun. Indeed, Dr. Walliston, assuming 
the distance to be but half the above, concludes from his photometrical 
measures, that Sirius, if seen as near as the sun, would present a diameter 
four times greater than that of the sun. 

/u CkJiiB Maioris.— A. R. = 6 h. 48 m. 46 a. Dee. = — 13<» 60* 
6". A double star on the Dog*s right ear. A ft^, yellow ; B 9|, gmj. 
Discovered by Struve, who gives these ineasures. 
Pos. 3430 31' Dist 3".22 Epoch 1831.30 

14 HsRscHSL, Vn Canis Majoets. — A. R. s=: 6 h. 63 m. 10 a. 
Dec. = -. 13^ 29^ 2". A cluster of sters back of the Dog's head, about 
20' in diameter. The stars range from the 8th to the 1 1th magnitude. 

Discovered by HeischeL 

12 HxRscHU, vn Caitis Majosis. — A. R. s= 7 h. 10 m. 35 s. 
Dec. = — 16° 21' 4". A cluster of stars between the Dog and Unicom ; 
and consisto principally of stars of the 10th magnitude. 

Discovered by Miss HencheL . 
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LEPU8. 

The Habe. — This constellation is situated direct- 
ly south of Orion, and comes to the meridian at the 
same time ; namely, on the 24th of January. It has 
a mean declination 18^ S. and contains nineteen 
small stars, of which, one is of the 2d, one of the 3d, 
and six of the 4th magnitudes. It may be readily 
distinguished by means of four stars of the 3d mag- 
nitude, in the form of an irregular square, or 
trapezium. 

d^taj of the 4th magnitude, is the first star, and 
is situated in the back, 5^ S. of Saiph, in Orion. 
About the same distance below li are the four prin- 
cipal stars, in the leg^ and feet. These form the 
square. They are marked a, /3, y* *• » and ^y other- 
wise called Ameb^ form the N. W. end of the tra- 
pezium, and are about 3^ apart. 7 and 5 form the 
S. E. end, and are about 2^^ apart. The upper 
right hand one, which is Arneb, is the brightest of 
the four, and is near the center of the constellation. 
Four or five degrees S. of Rigel are four very minute 
stars, in the ears of the Hare. 

TELESCOPIC OBJECTS. 

I Lkporis.— A. R. = 6 h. 04 m. 50 8. Dec == — 12o 03' 9". A 
double staz in the left ear of the Hare. A 4^, B \% magnitude. 
Fob. Hri90 3i' Dist. 12^34 Epodi 1781^.69 HeracheL 
3)7 39 12 .81 1882.26 Struve. 

X Lkpori.s.>-A. R = 6 h. 6 m. 61 & Dee. =s ^ 130 OS' (T. A 
double star at the root of the ean A 6. 3 9, magnitude. 

Pos. ddS"* 68' Dist. 3".053 Epoch 1832.23 Struve. 

12 
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DIRECTIONS FOR TRAaNG THE CONSTELLATIONS ON 

MAP NO. IX. 

Leo Major — The Great Liok. 
Sextans — The Sextant. 

Favorably situated for eaximinaium in Marchy Aprtl^ 
and May. 

LEO. 

' The Lion. — This is one of the most brilliant con- 
stellations in the winter hemisphere, and contains 
an unusual number of very bright stars. It is situ- 
ated next E. of Cancer, and directly S. of Leo 
Minor and the Great Bear. 

llie Hindoo Astronomer, Vanha sajs. ** Certainly the aduthem aol- 
■tice was once in the middle of Asleha (Leo) ; the northern in the first 
degree of Dham$hta ** (Aqucuius), Since mat time, the solstitial, aa 
well aa the equinoctial points, have gone backwards on the ecliptic 750. 
This divided by 60^", gives 6378 years ; which carry us back to the 
year of the world 464. . Sir W. Jones, says that Varaha lived when the 
solstioes were in the first degrees of Cancer and Capricorn ; or about 400 
years befi>re the Christian era. 

Leo is the Jifth sign, and the sixth constellation 
of the Zodiac. The mean right ascension of this 
extensive group is 150^, or 10 hours. Its center is 
therefore on the meridian the 6th of April. Its 
western outline, however, comes to the meridian 
on the 18th of March, while its eastern limit does 
not reach it before the 3d of May. 

This constellation contains ninety-five visible 
stars, of which one is of the 1st magnitude, one of 
the 2d, six of the 3d, and fifteen of the 4th. 

The principal star in this constellation is of the 
1st magnitude, situated in the breast of the animal, 
marked a, and named Regtdtis, from the illustrious 
Roman consul of that name. 
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It 18 situated almost exactly in the ecliptic, and 
may be readily distinguished on account of its 
superior brilliancy. It is the largest and lowest of 
a group of five or six bright stars which form a 
figure somewhat resembling a sickle, in the neck 
and shoulder of the Lion. There is a little star of 
the dth magnitude about 29 S. of it, and one of the 
dd magnitude 5^ N. of it, which will serve to point 
it out. 

Regulus is the brightest star in the constellation. 
Great use is made of Regulus by nautical men, for 
determining their ipngitude at sea. Its latitude^ or 
distance from the edipticy is less than ^^ ; but its- 
deciination, or distance from the equinoctial is nearly 
13^ N. ; so that its meridian altitude will be just 
equal to that of the sun on the 19th of August. Its 
right ascension is very nearly 160^. It therefore 
culminates about 9 o'clock on the 8th of April. 

When Regulus is on die meridian, Caator and PoUux ave aeen about 
40O N. W. of it, and the two atara in the Little Dog, are about the tame 
difltanoe in a 8. W. direction; with which, and the two former, it makea 
a large iaoaoelea triangle wboee vertex ia al fiegulua. 

The next considerable star, is 5^ N. of Regulus, 
marked 17, situated in the collar ; it is of between 
the 3d and 4th magnitudes, and, with Regulus, 
constitutes the handle of the sickle. Those three 
or four stars of the 3d magnitude, N. and W. of 17, 
arching round with the neck of the animal, describe 
the blade. 

AI Gidxi^ marked y, is a bright star of the 3d 
magnitude, situated in the shoulder, 4^ in a N. E. 
direction from 17, and may be easily distinguished 
by its being the brightest and n^iddle one of the 
three stars lying in a semicircular form, curving 
towards the west; and it is the first in the blade of 
the sickle. 

Adhofera, marked C> is a star of the 4th magnitude, 
flituated in the neck, 4P N. of Jd GiebUy and may be 
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known by a very minute star just below it« This 
is the second star in the blade of the siokle. , 

Bos al Asady marked ^, situated before the ear, is 
a star of the 3d magnitude, 6^ W. of Adhafera, and 
is the third in the blade of the sickle, l^e next 
star, «, of the same magnitude, situated in the head, 
is 2^^ S. W. of Ras al Asad, and a little tvithin the 
curve of the sickle. About midway between these, 
and a little to the E., is a very small star, hardly visi- 
ble to the naked eye. 

Lambda^ situated in the mouth, is a star of the 
4th magnitude, 31^ S. W. of i, and the Jast in the 
sickle's point. Kappa, situated in the nose, is an- 
other star of the same magnitude, and about as far 
from X as e. i and x are about 5^^ apart, and form 
the longest side of a triangle, whose vertex is in «. 

Zosma, marked $, situated above the back of the 
Lion, is a star of the dd magnitude, 18^ N. £. of Re- 
gulus,and midway between it and Coma Berenices, 
a fine cluster of small stars, 18° N. E. of Zozma. 

Theta, situated in the tail, is another star of the 
3d magnitude, 5° directly S. of Zozma, and so nearly 
on the same meridian that it culminates but one 
minute' after it. This star makes a right angled 
triangle with Zozma on the N., Denebola on the E., 
the right angle being at >. 

Nearly in a straight line with Zozma, and >, and 
south of them, are three or four smaller stars, 4P or 
5° apart, which mark one of the legs. 

jyenebcia, marked ^, is a bright star of the 2d mag- 
nitude, in the brush of the tail, 10° S. E. of Zozma, 
and may be distinguished by its great brilliancy. It 
is 5^ W. of the equinoctial colure, and comes to the 
meridian one hour and fort}'-one minutes after Re- 
gulus, on the 3d of May ; when its meridian altitude 
is the same as the sun's at 12 o'clock the next day. 

When Denebola is on tbe meridiui, Regnlw u seen 25^ W.of it, and 
Bhad, in the iquare of Una Mijor, bean 39o N. of it it forma, widi 
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these two, t iargpe right angled tihrng^; the right angle being at Denebol^ 
It u so nearly on the same meridian with I&ad that it culminatea only 
four minutes befiire it 

Denebola is 35^*^ W. of Arctnrus, and about the 
same distance N. W. of Spica Virginis, and forms, 
with them, a large equilateral triangle on the S. £. 
It also forms with Arcturus and Cor Carol! a similar 
figure, nearly as large on the N. £. These two 
triangles, being joined at their base, constitute a 
perfect geometrical figure of the form of a Rhom- 
bus : called by some, the Diamond of Virgo. 

A line drawn from Denebola throu^ Regulns, and continued 70 at SP 
fiulher in the same difection, will peint out | and o, of the 4th and 6th 
magnitiides, situated in the foie Glaw% and about 3^ «pait. 

TELESCOPIC OBJECTS. 

. • LsoTTis.— A. R. = 9 h. 19 m. 53 s. Dec. = -f 90 46' 0". A 
veiy close double star on the Lion's left fore foot This has long been a 
■lost difficult test object. 

Discovered by Heischel, in 1782, who found the poe. = 1 lO** 64', and 
estimated the distance at one quarter the diameter of the larger star ; 
whose magniftade is 6 J, die smaller 7|. 

Pos. 1630 66* Dist (r.970 Epoch 1825.21 Stru^ 
178 18 .800 1835.83 StruTe. 

194 00 .800 1841.35 MSLdlei; 

In 1842 it was seen as a single star, by Kadler. 

The elements of ^e oirtnt ha^e been computed by Madler, who finds 
a period of 82} yeais. By his computations the stars'Were diirtant 1''.45, 
their maxium, in 1800.- After a lapse of fifty-two years they will reach 
their least distance 0^w2, which will scarcely be measurable in the most 
powerful instruments. 

67 HsmscHXi. I, Laoms. — A. R. = 9 h. 23 m. 07 s. Dec. = 4- 
320 12* 1". A double white nebula in the lower jaw of Leo. lliere is 
a double nucleus with the nebulosities commingling. 

y Laowis.— A. R. = 10 h. 1 1 m. 08 s. Dec. = ^W^ 39* 0". A 
beautiful double star near the Lion's mane. A 2, bright orange ; B 4, 
greenish yellow. This is doubdess a binaiy system, whose period may 
reach a thmuand years / I haye repeatedly examined this splendid ob- 
ject, with a power of 600 ; the Cincinnati refiractor shows the disks of 
both the stars round and dear. 

Discovered by Herschel, 1782. 

Poa. 1030 22* Dist. S".60 Epoch 1831.51 Striive. 
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67 P. X. Lbonw.— A. R. = 10 h. 17 m. 09 i. Dec. = -{- 90 36 
2'\ A neat double star on the Lion's right shoulder. A 8, 6 9^, mag^ 
nitude. The measures indicate fixity in the components. 

DisooTeied by UerscheL 

.Pos. 630 28' Dist 4".00 Epoch 178S.i3 HerscheL 
65 54 3 .20 1832.56 Struve. 

49 Leonis.— A. R = 10 h. 26 m. 38 & Dec -f- 90 28* 5". A 
close double star under the right shoulder of Leo. A 6, white ; B 9, 
pale blue. 

Discovered by Struve. 

Poe. I6I0 09' Dist. 2".37 Epoch 1830.76 StrDve. 
158 01 2 .50 1838.37 Smyth. 

95 Messier, Leon is. — A. R. = 10 h. 35 m. 31 8. Dec. =^ 12^ 
31' 09". A white nebula on the ribs of Leo. 

Discovered by Mechain, 1771. One degree east, and following this 
nebula, is another, less bright, also discovered by Mechain. 

18 HsRscHEL I, Leonis— -A. R. = 10 h. 39 m. 49 s. Dec. = 13o 
28' 0". A pair of bright class nebuls, with a third faint one in company, 
on the belly of Leo. Thb region of the heavens is filled with nebulous 
clouds, a part of the great stream which encircles the entire heavens. 

Discovered by Herachel in 1783. 

54 LsoNiB.— A. H. = 10 h. 46 m. 56 s. Dec. = -)- 35^ 36' 01'. A 
double star over Leo's back. A 4^, B 7. 
Discovered by Sir W. Herschel, 1781. 
Pos. 1020 48' Dist. 6". 18 Epoch 1830.35 Struve. 

229 P. X, Leonis.^A. R. = 10 h. 55 m. 44 s. Dec. = + 40 
30'. A dose double star preceding the Lion*s hind legs. A 8, B 8, 
magnitude. 

Discovered by Struve, and by him measured as follows : 
Pos. 2750 48' Dist. 1".076 Epoch 1829.13 

13 Hebscmel I, Lsoiris.-^A. R = 10 h. 57 m. 37 s. Dec s= 0^ 
49' 6". A bright nebula preceding the Lion's hind feet Discovered by 
Herschel, and one of a vast number of similar objects in this region. 
Near this object &k William examined more than 150 square degrees of 
difiused nebulosity, ^ extent so vast as to defy the powers of arithmetic 
to compute its dimensions. If we abandon the theoiy of the existence 
of chaotic nebulous matter, and regard all these multitudinous stains oi 
light as consisting of myriads of suns, the extent of these ** island uni- 
verses'' here located, is almost infinitely greater than all that the human 
eye can grasp on the brightest night Herschel expresses himself thus, 
" The high degree of rare&ction of nebulous matter, should not be con* 
sidered an obstacle to the theory of its finally being condensed into a body 
of the density of the sun ; for supposing tfie nebula distant 320 billions 
of miles, and ifs diameter equal to 10', then must its magnitude exceed 
that of the sun more than two trillions of times ! " 
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What then must be the extent of a group of objects covering 150 
square degrees, and so remote that theb millioDs of aggregated suns pro- 
duce but a barely perceptible stain of Ught on the deep blue ground q£ 
the heayens? 

239 P. X, LEONI8.---A. R. = 10 h. 68 in. 17 s. Bee. = -j- 7® 69' 
09". A double star close to the Lion's hind legs. A 8, B 11^, magni- 
tude. It is probably fixed in position. 

Pos. 1640 46' Dist = 8".03 Epoch 1833.28 BtruTe. 

• 9. P. XI, LsoiriB.— A. R. = 11 h. 05 m. 17 s. Dec. = -f- «lo 
00" 03^. A neat double star on Leo's loins. A 7 j, B 7 j, magnitude. 

Discovered by Striive. 

PoB. 287« 48* Dist. r'.052 Epoch 1829.70 Struve. 

66 Mbssier, Leomis.— A. R. = 1 1 h. 1 1 m. 48 s. Dec. = -f- l^o 
52' 04". A large elongated nebula with a bright nucleus, preceded by 
anothCT of a siix^ar shape. 

Discovered by Michain, 1780, and registered No. 66 and 66 Messier. 
A third nebula follows on the same parallel, 174 seconds of time. 

I LsoHis.— A. R. = 11 h. 16 m. 35 s. Dec = -|- 11© u' 08". A 
binary star on the Lion's flank, 7© south-west of Denebola, A 4, pale 
yellow ; B 7^, light blue. 

Discovered by Strf ve. 

Poa. 97«» 00* Dist. 2". 30 Epoch 1827.28 

86 00 2 .50 1842.38 Smyth. 

Other nebuls and double stars will be found on the star maps. 



SEXTANS. 



The Sextant, called also Urania's Sextant, is a 
modern constellation that Hevelius made out of the 
unformed stars of the ancients, which lay scattered 
between the Lion, on the N., and Hydra, on the S. 

It contains forty-one very small stars, including 
only one as large as the 4th magnitude. This is 
situated very near the equinoctial, 13^ S. of Regu- 
lus, and comes to the meridian about the same tiipe 
on the 6th of April. The other stars in this con- 
stellation are too small to engage attention. A 
few of the largest of them may be traced out trrm 
the map. 
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TELESCOPIC OBJECTS. 

161 P. IX, 8BXTAimt.~A. R. = 9 h. 96 m. 09 s. Dec. = 30 
SI' 04". A double atar on the old Lion** leg» bat included in the new 
oontrtellation, the Sextant A 8, " yellowidi white ; *' B 1 3, « blue." 

Pot. 1460 OO' Difli 4^.00 Epoch 1834.26 Smyth. 

. 142 20 3 .317 1830.24 Struve. 

163 HsMCHU I» SiXTAiTTiSii— A. R. s= 9 h. 57 m. 16 s. Dec.= 
— 60 M' 09". An elongated bright nebula, on tfie limb of the Sextant. 
LiscoTered by Herachel, 1787. 

4 HmuscHSL I, SsxTANTit.— A. R = 10 h. 06 m. 58 a. Dec. = 
4. 40 16' Ol^ A blight round nebula on the frame of the Sextant, fi4- 
lowed by another at the distance of twenty-nine aeconda of time. 

Diflcoveredby Henchel, 1783; who^ however, o^rarlooked the follow- 
ing one, which was aubaequently disoovMed by hie son. 

36 SsxTAiTTis.—- A. R. = 10 h. 36 m. 02 & Dee. =r 4- &o 35' (x^. 
A double star on the north extreme of the limb. A 7, B 8. 
i'oa. 340^ 4r Diflt. 6".76 Epoch 1826.20 StruTe. 



DIRECTIONS FOR TRACING THR CONSTELLATIONS ON 

MAP NO. X. 

Htdra — The Water Serpbiit. 
PocuLA— The Cup. 
Felis — The Cat. 
The Compass. 

Favordtiy situated Jar examinatian in Marchy April 
and Mojf. 

HYDRA AND THE CUP. 

Hydra, the Water Serpent, is an extensive con- 
stellation, winding from E. to W. in a serpentine 
direction, over a space of more than one hundred 
degrees in length. It lies south of Cancer, Leo, and 
Virgo, and reaches almost from Canis Minor to 
libra. It contains sixty stars, including one of 
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the 2d magnitude, ihree of the 8d, and twelve of 
the 4th. 

Alphard, oit Cor Jfydra, marked », in the heart, is 
a lone star of the 2d magnitude, 33^ S. S. W»of 
Regulus, and comes t;o the meridian at the same 
time with x,in the point of the sickle, about twenty 
minutes before 9 o'clock on the 1st of April. There 
is no other considerable star near it, for which it 
can be mistaken. An imaginary line drawn from 
7 Leonis through Regulus, will point out Cor HydrsB, 
at the distance of 23^. 

The head of Hydra may be distinguished by means 
of four stars of the 4th magnitude, ^^ and 4^ apart, 
and forming a rhomboidal figure. The three upper 
stars in this cluster form a small arch, and may be 
known by two very small stars just below the 
middle one, making with it a very small triangle. 
The three western stars in the head, also make a 
beautiful little triangle. The easten star in this 
group, marked f , is about 6® directly S. of Acubens, 
and culminates at the same time. 

When Alphard is on the meridian, Alkes, marked 
o, of the 4th magnitude, situated in the bottom of 
the Cup, may be seen 34^ S. £. of it, and is dis* 
tinguished by its forming an equilateral triangle 
with /3 and y, stars of the same magnitude, '6^ S. 
and £. of it. Alkes is common both to Hydra and 
the Cup. ^, on the S., is in Hydra, and y, on the N. 
£., is near the middle of the Cup^ A line drawn 
from Zozma, through > Leonis, and continued 38^^ 
directly S. will reach /3 ; it is therefore on the same 
meridian, and will culminate at the same time on 
the 23d of April. 

The Cup itself, called also the Crater, may be 
easily distinguished by means of six stars of the 4th 
magnitude, forming a beautiful crescent, or semi- 
circle, opening to the W. The center of this group 
is about 15° below the equinoctial} and directly S. 
K 
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of the hinder feet of Iieo« The crescent form of 
the stars in the Cup is so striking and well defined, 
when the moon is absent, that no other description 
is necessary to point them out. Its center comes to 
the meridian about two hours after Alphard, on the 
same evening ; and consequently, it culminates at 
9 o'clock, one month after Alphard does. The re* 
mainder of the stars in this constellation may be 
easily traced by aid of the map. 

When the head of Hydra is on the meridian, its 
other extremity is many degrees below the horizon, 
so that its whole length cannot be traced out in 
the heavens until its center, or the Cup, is on the 
meridian. 

^ Near the equator roils 
The Tw^^'Bg Hydia, proudly eminent 
To dmik the Gaiaxv*s lefiilgent eea ; 
Neuly a fourth of the endrluig Curve 
ViliidL girds the ecliptic, his vast folds invc^ ; 
Yet <en the number of his stars difiused 
O'er the long track of his enormous spirte : 
Ckief beams his heart, sure of the second rank* 
But emulous to gain the first*'— £tM2oiria. 

TELESCOPIC OBJECTS. 

108 P. Vm, HTDaA.-- A. R..=r 8 h. 37 m. SO s. Dec. =4-70 
lO' 05". A double star between the head of Hydra and Cancer. A e» 

-peleyellow;*' B 7i> « rose tint.** 
DiscxYvered by HerscheL 
Pes. 260 45' Dist 10".83 Epoch 1832.05 Struve. 

17 HTuma^A. R. as 8 h. 47 m. 39 i. I)ec= — 7021' 08*. A 
dose double star between the Uaieom's tail and Hydra's heart A and 
B 7 magnitude^ 
' Discovered by HerscheL 

P08. 358<>50' Dist 4^33 Epoch 1831.59 Struve. 

27 HsRscHSL IV, HTDmx.— A. R. = 10 h. 17 m. 01 s. Dec. =s 
•— 17<^ 50' 06''. A planetary nebula in the middle of Hydra*s body. 
Discovered by Hersdiel, 1785. 

«t Cbatsris.— -A. R. =s 10 h. 52 m. 00 s. Dec = — ir» 26'.09*. 
A star with two distant companions on the base of the Cup. 'Tliese are 
remarkable £>r their color. A 4, orsnge ; B 8, blood red ; C 9, pale blue. 

IXfiensnoe between A and B 42".! 
** « AandC 4 J9 
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89 P. XI, CmATsmis^-A. R «= 11 h. 11 m. 88 ■. Decss — Q0O 
or 04". A nnaU doiiUe itur between the Cop and «m Lion's hind ioel. 
A 8i, B 9, magnitude. 

Dueovered by StruTe. 

Poa. 3UO 06' Diat ^66 Epoch 1880.38 StruTe. 

y CRATaRis.-^A. R. = 11 b. 16 m. 64 a. Dec. = — 16© 48* 03^. 
A <Joae doaUe atar in fike center of Ihe goUet A 4, B 14, magnitude. 
Diaoovered by HecaoieL 
Poa^ 1020 05^ Diit a^.OO Epoch 1888.86 Smyth. 

17 CKATaftia^-A.R.= 11 h«84m.91a. Dec. sr — 88^ SS' 00". 
A dobUeatar intheboondaiy c^the Cup. A 6^, B 7, magnitude. 
Diapo¥ered by Heiachel, 1788. 
Poa. 207O 08' Diat 10".01 Spoch 1883.21 Smyth. 
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CHAPTER III. 

DnECnONS FOR TRAdNQ THB OONSTELUkTIONS ON 

MAP NO. XI. 

ViRoo— The ViBGDf. 
CoRVtTS— The Crow. 

F(£vorably situated for examiruiHon in April, May 
tmd June, 

YIBQO. 

The Viroin. — This is the sixth sign, and seventh 
constellation in the ecliptic. It is situated next 
east of Leo, and about midway between Coma 
Berenices on the N. and Corvus on the S. It oc- 
cupies a considerable space in the heavens, and 
contains, according to Flamsted, one hundred and 
ten stars, including one of th^ 1st, six of the dd, and 
ten of the 4th magnitudes. Its mean declination is 
5^ N., and its mean right ascension is 195^. . Its 
center is therefore on the meridian about the 23d 
of May. 

The flun mtera the sign Virgo, on the S3d of Auguflt, but does not 
enter the etmstettation before the 16th of September. When the mm 
u in thk sign, the earth ie in Piioes; and vice Teres. 

Spica VtrginiSf marked o, in the ear of corn which 
the Virgin holds in her left hand, is the most brilliant 
star in this constellation, and situated nearly 15^ £. 
N. E. of Algorab, marked a, iii the Crow, about 35^ 
S. E. of Denebola, and nearly as far S. S. W. of 
Arcturus — three very brilliant stars of the 1st mag- 
nitude, that form a large equilateral triangle, point* 
k2 
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ihg to the S. Arcturus and Denebola, marked ^^ 
are also the base of a similar triangle on the north, 
terminating in Cor Caroli, which, joined to the 
former, constitutes the Diamond of Virgo. The 
length of this figure, froqi Cor [Caroli oii ti^e north, 
to Spica Virginis on the south, is 50^. Its breadth, 
or shorter diameter, extending from Arcturus on the 
east, to Denebola on the west, is 35|^.' Spica may 
otherwise be known by its solitary splendor, there 
being no visible star near it, except one of the 5th 
magnitude, situated about 1° below it, on the left. 

The position of this star in the heavens, has been 
determined with great exactness for the benefit of 
navigators. It is one of the stars from which the 
moon's distance is taken for determining the longi- 
tude at sea. . Its situation is highly favorable for 
this purpose, as it lies within the moon's path, and 
little more than 2^ below the earth's orbit. 

Its right ascension being 199^, it will come to our 
meridian at 9 o'clock about the 28th of May, in that 
point of the heavens where the sun is at noon aboiit 
the 20th of October. 



l^mdisfiMa^Hds; maiM fi if a itar of ^ 8d magn^^ 

or northern wing of Virgo, and is ntoated nearly in a ftnughtHne with, 
and midway between Coma Berenices, and Spica Virginia. It is 19^o 
6. W. of Arcturus, and about the same distance S. E. of Coma Berenices, 
and forms with, these two a laige triangle, pointing to the south. It bean 
also 18° S. 8. E. of Denebola, and comes to the meridian about twenty- 
three minutes before Spica Virginis. 

ZetOf is a star of the 9d magnitude, 1 H^ N. of Spica, and r&y near 
the equinoctiaL Gamma, situated near the left side, is also a star of the 
' 3d magnitude, and very near the equinoctial. Jt is 130 due west of {*, with 
which and Spica it forms a handsome triangle. Etti, w a star of the 3d 
magnitude, in the southern wing, 5^ W. of y, and but 2^0 £. of f^ 
autumnal equinox. 

BeiOy called also Zaviiaoa, is a star of the 3d magnitude, in the shoul- 
der of Uie wing, 7|^ W. of «, with which and y^ it forms a line near the 
earth's orUt, and parallel to it A «» > and Spica, form the lower and 
longer side of a large spherical triangle, whose vertex iain fi. The other 
stars in this figure may be easily traced by means of the map. About 1 3^ 
E. ctf Spica, there are two stara of the 4th magnitude, 30 apart, which murk 
the foot of Viiga These two atan are on neady the same meridian with 
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AKtaroSyandculmmafteiMttfyattliBHaiifrtiiMi. The iofww one marked 
Lambda, is on the eoutfa, end but 80 W. of the principal itar in Libt«. 
Several other atara of the 3d magnitiide Ik watteied aboot m thk coi^ 
ileUatioii, and may be traced out by the map.. 

** Her lovely treaiea glow with atany light ; 
Stan oniament the bracelet on her hand ; 
Her TBiVt in ample fold, giitten with atan : 
Beneath her mowy fiset thiey dune ; htst eyea 
Idgfaten, all glorioua, with die heavenly imya, 
B\3Xjirti the atar which erowna the goMen aheaC^ 

HiaT0BT.-*-The fionoua xodiac of Dendem, as we have abeady noticed, 
oommences with the sign Leo ; but another »odiac, discovered among the 
ruina at Bstne, in Egypt, commences with Viigo ; and from this circun»> 
stance, some have argued, that the regular pr ece s si on of the equinoxei 
estabiiahed a date to this at least 2000 years older than that at Dendeim. 
The discoveries of Chanqpollion, however, tender it piobeble that this 
ancient xelic of astrology at E^ne was erected during the leign of th« 
Emperor Claudius, and oonaequently did not precede w one at Dendeim 
more than fourteen yean. 

Of this, however, we may be cnrtain : the autumnal equinox How coi^ 
leroofids with the fint degrae of Vvtgo / and, consequently, if we find • 
xodiac in which the summer solstice vras placed where the autumnal 
equinox now is, that zodiac carries us back SO*' on the ecliptic ; this 
divided by the annual precession of 60^'', must fix the date at about 6450 
yean ago. This computation, according to the chronology of the Sacred 
writings, carries us bock to the earliest agea of the human species on 
ear&, and proves, at least, that astronomy was among the finrt studies of 
mankind. The most rational way of accounting for this zodiac, aaya 
Jamieson, is to ascribe it to the fiunily of Noah ; or perhapa to the patri- 
arch himselJ^ who constructed it for the benefit of diose who ahould live 
after the deluge, and who preserved it as a nk»nunient to perpetuate tLa 
actual state of the heavens immediately aibsequent to the creation. 



TELESCOPIC OBJECTS. 

A Nkbula.—A. R. = 12h. 06 m. 01 s. Dec. = -f 16© 47' 09^ 
This nebula is situated between Virgoes right wing and Leo's tail. 

Discovered by Messier, 1781, and described by him as <* a nebula wit|^ 
out a star, with an extremely £unt light. 

A Low© Pale- White Nebiti.a.-^A. R. = 12 h. 07 m. 87 s. Dec. 

i- 140 02' 08". On the upper psrt of Virgo's left wing. Described in 
e Bedford Catalogue as ** a very curious object, resembling a weaver's 
shuttle,. and lying across the parallel. The upper branch is the fiuntest, 
and exhibits a palpable nucleus." 
Discovered l^ uerKhel, 1783. 

A LAm«B NuuLA^A. R. s 12 h. 18 m. 40 a. Dee. as + 00« 
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%V 06". Thi9 MMa ii Htuitod tettraen the Yhgrn^s dioalden. Her- 
■cbel lepoiti it to have two aeudei about 90" apart 
DiflOovwBd by MeMor, 1799. 

17 ViBGnrii.— A. R. = 13 h. 14 m: 24 a. Dec = 06O li' 08". 
A double star between the Ihoulden of Tirgo. A 6, B 9, magnitude. 
Poa 3360 46' Dist 19^'J3» Epoch 1829.26 Struve. 
The component! ^ipear to be stationaiy. 

A RouHD NxBVLA.— >A. fi. ^ 12 h. 14 m. 52 a. Dec = -|- 10^ 
. 42^06". happean off the upper part of the Vurgm'a left wing. 

Difloovered by Mechain, 1781. 

It is one of a multitude of nebulous masses forming a wonderful xone, 
and passing round the heavens in a direction nearly perpendicular to the 
Milky Way. The discovery of this great stratum, is the result of the 
unwearied zeal and perseveianoe of Sir WiiEam HerscheL 

A BaisHT NiauLA.— A. R == I? h. 21 m. 36 a Dec -f 08P SS* 
09^. This nebula is ffltuated on Virgo's left shoulder. 
Disooreied by Orioni, 1771. 

* . » 

A Loire ISuiptigal Nbbvt.a.>^— A : R =: 12 h. 23 m. 64 s. Dec. = 
-|- 160 18' 05> It appears on the outer nde of Virgo s left wing. In a 
lone three degrees square a large number of nebiide are found, whoae 
relative positions are exhibited ui the diagram marked nebuls in Virgo. 

y ViBOiiris.— A. R. = 12 h. 33 m. 33 s. Dec = — 00© 34' 03*. 
A remarkable Hnaiy star, on the Virgm's right side. A 4, B 4, magni- 
tttde. In coBse(iuenoe of some very early observations, by Bradly, Poiuid, 
Oassini, and Mayer, it was thought that this star presented an admirable 
opportunity of testing the influence of gravitation among these remote 
obfects. As early as 1718, the positions of the components seem to 
have been approximately obtiuned. Measures were again made in 1720, 
176Q, and by Sir W. Herschel in 1780. These, combined with modem 
observations, ftimished the data fat the . computation of the elements of the 
orbits, described by these two suns about tfaueir common center of gravity. 
From the earliest period of observation, the distance between the two 
•tars composing y Virginis, had been on the decrease, while the angular 
velocity was rapidly increasing ; following, in this respect, the analogy of 
the pluiets and comets, whose angular velocity rapicUy increases as their 
distance from,tfaiB sun decreases. SSir John Herschel made the first eShrt 
at a detenuination of the eleaoents of the orbit, and ibund a period of 
513.28 years by the first computed elements, and of ,628.90 years by the 
second set of elemients. Tfa»se results were greatly in error, owing to 
the fact, as Sir John Herschel says, to the use of Bradly*a obeerviaitions 
of 1718. In the meantime M. Madler, of Dorpat, had shown that the 

Siriodic time could not weU exceed 167 year8,.a result finally reached by 
erschel himselC 

After much laborious calculation, M. Madler readied the conclusion 
that the perihelion or penasler passi^ occuired 1836.81, and that the 
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poio^c time was 145.409 yctan. With hit laik set of ekments, h« hm 
Gonqyuted an ephemeris of this system, from whidt we c<^ a»foUow»: 



PoB. 3690 SS' 06" 


Dist 02".4l7 


Epoch 1847 


367 43 04 


02 .656 


.1848 


365 65 06^ 


03 .680 


1849 


354 18 03. 


02 .816 


1850 


353 39 06 


03 .939 


1851 


'351 13 06 


03 .057 


1858 


349 53 05 


03 .170 


1853 



Durii^ a part of the year 183f), the star was seen perfectly romid, eren . 
m the most powerful kistrmnents. Objects which had been so widely 
separated, when first discovered, were now so placed as that the oniS 
eckpsed the other. Towards the close of 1836, the hidden star began to 
emerge, and this doable object was seen elongated, ' At the beginning 
of 1 837, the best telescopes again saw the two stars separate and distmct. 
From that time, to the present, the distance has been on the increase, 
while the angular velocity has been regularly diminishing. My .own 
observations show the ephemeris computed l^ Mudler, to be pretty ac- 
.curate, but even yet considerable discordance exists .between observation 
and computation, showing that more accurate data are yet wanted to 
complete this most delicate and difficult investigation. 

A lew measures are here given. 



3190 or 
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Epoch 1720.31 
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310 04 
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1822.00 


Strive. 


262 10 


01 .58 


1830.69 


Bessel. 


245 32 


01 .05 


1833.37 


Striive. 


077 56 


aO .58 


1837.41 


Struve. 


020 11 


01 .73 


1841.44 


Madler. 


Oil 06 


01 .90 


1843.33 


Smyth. 


357 28 


03 .09 


1847.60 


MitcheL 



By a oompeiisim of the last obserratians with the ephemeris, it will be 
seen that the angular velocity is greater thim predicted, at is also the in- 
crease of distance between the components. 

6 ViBoiwrs.— A. R = 13 h. 01 m. 40 s. Dec =s — 04© 41' 00". 
A eowae triple star on the lower part of the ViigmV soiitfaem wing. A 
4^, B 9, C 10, Tnygyriftidp^ 

Poe. A B 3440 02' Dist. 07". 02 Epoch 1837.07 1 ^„„^ 
A C 295 00 65 .00 1831.15 5 '^"y^- 

A Oloas BiiTAiiT Stab. — A. R. = 13 h. 26 m. Ot a. Dec =: 4- 
00^ 30' 04". This star is situated on Virgoes lower garment A 8, B 
9, magnitude. 
Pisoovirared by Struve, 1825. 

Poe.l0O00' Distor.OOO Epoch 1825.37 Striive. 
24 08 01 J&90 1834.38 Struve. 

36 02 01 .747 1841.37 Madler. 

T^ period of levidntioii is,, piolxib^, net &x fiem 930 years. 

61 yimGnas._A.R. s 13h. 89 m. 13 a. Dec. a— 970 OT 03". 
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A dow double rtv on the 4sht aide of the lower garment of the Viigin. 
dnepected <tf ikm lelrogradetien. 

Pofl. 41» or Bitt. 02".82 Epoch 184U9 Madkr. 

84 ViBAiins.-. A. R. == 13 h. 35m028. Dec. =4- 0*021' 00". 
A dose double ttn on the tip of Virgo's left wiog. A 6, }l 9, magnitude. 
Pofl. 8330 04' DiHt 03"^ Epoch 1839.37 Smyth. 

331 05 03 .48 1847.06 MitcheL 

t ViMiiria.— A. S. s: 14 h. 19 m 58 8. Dec. = ^ Ol'' 30' 04". 
A delicate doable star in the comer of Virgo's skirt. A 5, yellow ; B 
13, blue. 

Diaoorerad by Struve, 1829. 

PoB. 108° 32' Dist 03".73 Epoch 1829.74 Struve. 

Other double Ktan and' nebulae will be found on the chart 

A DouBLx NsBtTLA. — A. R. = 12 h. 35 m. 33 8. Dec. = -f- 12<' 
^ 01". This nebula is situated in the center of Virgo's left wing, with 
two or tiuee smaller ones in the immediate vindnity. In this object we 
find some support to the celebrated nebular theory, which supposes the sun 
and stars to haye been formed from the condensation of nebulous fluida 
The object before us suggests the chaotic state of a bihaiy star, and pbao- 
bly thiMe two shadowy objects are performing, even now, a revolution 
round each other. Abandoning this theory, and having recourse to the 
idea that these dim stains are mighty universes of shining stars, here we 
have two such so located as possibly to be mutually operating Xxgoa each 
other. Should actual physiad connection exist, and one <^ these mighty 
systems be actually sweeping round the other, what a stupendous period 
must inaik the cycle of these ** island universes." By such periods we 
might even xeckoii the hours of eternity itself ! " 



C0RVU8. 

The Crow. — ^^TUb small constellation is situated 
on the eastern part of Hydra, 15^ £. of die Cup, and 
is on the same meridian with Coma Berenices, but 
as far S. of the equinoctial as Coma Berenices is N.. 
of it. It therefore culminates at tlie same time, on 
the 12th of May. It contains nine visible stars, 
including three of the 3d magnitude, and two of 
the 4th. 

This constellation is readily distinguished by 
means of three stars of the 8d magnitude, and one 
of the 4th, forming a trapezium or irregular square, 
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the two upper ones being about 3^^ apart, and the 
tMTo lower ones 6° apart. 

The brightest of the two upper stars, on the left, 
IB called JJgoraby marked a, and is situated in the £. 
^ng of the Crow ; it has nearly the scufne declina- 
tion S. that the Dog-star has, and is on the meridian 
about the 13th of May. It is 21^^ £. of Alkes in 
the Cup, 14j° S. W. of Spica Virginis, a brilliant 
star of the 1st magnitude, to be described in the next 
chapter.' 

Beta, on the back of Hydra and in the foot of the 
Crow is a star of the 3d magnitude, nearly 7^ S. 
of Algorab. It is the brightest of the two lower 
stars, and on the left. The right hand lower one 
is a star of the 4th magnitude, situated in the neck, 
marked £/m/an, about 6^ W. of /3, and may be 
known by a star of the same magnitude situated 
2^ below it, in the eye, and called AI Chiba. « is' 
21§^ S. of the vernal equinox, and if a meridian 
should be drawn from the pole through Megrez, and 
produced to i Corvi, it would mark the equinoctial 
colure. 

Gamma in the W. wing, is a stfiu? of the 3d mag- 
nitude, 3^^ W. of Algorab, and is the upper right 
hand one in the square. It is but 1^ E. of the equi- 
noctial colure. 

10° £. of /3 is a star of the 3d magnitude, in the 
tail of Hydra, marked y ; these two. with Algorab, 
form nearly a right angled triangle, the right angle 
being at ^. 



TELESCOPIC OBJECTS, 



« 



/ CoRTi — A. R. = 12 h. 21 m. 35 8. Dec. = — 16« 84' 04". A 
^e double star on the Raven^s right wmg. A 3, B SJ magnitiide. 
Discovered by Herschel, 1782. 
Pos. 210054' Dist2:r.5 Epoch 1831.34 Smyth. 
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IMRECmONd FOR TRACING THE CONSTELLATlOIf S OH 

MAP NO. XII. 

Ursa Major — The Great Bear. 

Favorably situajted for examination in Ma^y Jttne. 
July J August and SepUmber. 

URSA MAJOR. 

The Great Bear. — This great constellation is 
situated between Ursa Minor on the north, and Leo 
Minor on the south. It is one of the most noted 
and conspicuous in the northern hemisphere. It 
has been an object of universal observ^ation in all 
ages of the world. The priests of Belus, and the 
Magi of Persia ; the shepherds of Chaldea, and the 
Phoenician navigators, seem to have been equally 
struck with its peculiar outlines. And it is some- 
what remarkable that a remote nation of American 
aborigines, the Iroquois, and the earliest Arabs of 
Asia, should have given to the very same constella- 
tion the name of '^ Great Bear," when there had 
probably never been any communication between 
them ; and when the name itself is so perfectly 
arbitrary,. there being no resemblance whatever to 
a bear, or to any other animal. 

It is readily distinguished from all others by 
means of a remarkable cluster of seven bright 
stars, forming what is familiarly termed the Dipper^ 
or Ladle, In some parts of England it is called 
'" Charles's Wain," or wagon, from its fancied re- 
semblance to a wagon drawn by three horses in a 
line. Others call it the Plow. The cluster, how- 
ever, is more frequently put for the whole constella- 
tion, and called, simply, the Great Bear. But we 
see no reason to reject the very appropriate appel- 



CONSTELLATION OF URSA MAJOR. 121 

lation of the .shepherds, for the resemblance is 
certainly in fayor of. the Dipper: the four stars in 
the square forming the bowl, and the other three^ 
the handle. 

When the Dipper is on the meridian, above the 
pole, the bottQm lies towards us, with the handle 
on the right. 

Benetvaschy marked 47, is a bright star of the 3d 
magnitude, and is the first in the handle. The* 
secopd, or middle star in the handle, is Mhxir^ 
marked (, 7^ 4^stant from Benetnasch. It may be 
known by means of a very minute star almost 
touching it, called Alcor, which appears to be double 
when seen through a telescope, and of a silver 
white. The third star in the handle is called Mioth^ 
marked e, and is* about 4^^ W. of Mizar. Aliotb is 
very nearly opposite Shedir in Cassiopeia, and at 
an equal distance from the pole. Benetnasch, 
Mizar, and Alioth, constitute th^ handte, while the 
next four in the square form the bowl of the Dipper. 

Five and a half degrees W. of Alioth is, the first 
star in the tap of the Dipper, at the junction of the 
^handle, called Megrezy and marked 5; it is the 
smallest an.d middle one of the cluster, and is used 
in various observations both on sea and land, for 
important purposes. At the distance of. 4^^ S. W. 
of Megrez, is Phad, marked y, the first star in that 
part of the bottom, whi<^h is next the handle. 

■ 

The Stan in this cluster are so well known^ and may be so easily de- 
scribed without reference to their relative bearings, that ihey would rather 
confuse than assist the student, were they given with ever so much ac- 
curacy. The several bearings for this cluster were taken when Megxex 
was on the meridian, and will not apply at any other time, though their 
lespectiye distances ^nH remain the same. 

At the distance of 8° W. of Phad, is the western- 
most star in the bottom of the Dipper, called Meraky 
marked j8. The bright star 5° N. of it, towards the. 
pole is called Dubhcy and marked a ; but these two, 
L 
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Merak and Dubhe, are, by commoh consent, called 
the Poi7Uers,hec€L\XBe they always ^oint towards the 
pole ; for, let the line which joins them be continued 
in the same direction 28 J° farther, it will just reach 
the north pole. 

The names, positions, and relative distances of 
the stars in this cluster, should be well remembered, 
as they will be frequently adverted to. The dis- 
tance of Dubhe, or the Pointer nearest to the north 
pole, is 28i°. The distance between the two upper 
stars in the Dipper is 10° ; between the two lower 
ones 8® : the distance frdm the brim to the bottom 
»ext the handle, is 4j° ; between Megrez and Alioth 
is 5j° ; between Alioth and Mizar 4j°, and between 
Mizar and Benetnasch, 7°. , 

The reason why it is impcHrtant to have these distances clearly settled 
in the mind is, that these stars, being always in view, and more ramiliar 
ihan any other, the student wiU never fail to have a standard measure 
before lum, which the eye can). easily make use of in determining the 
distances between other stars. 

The position of Megrez in Ursa Major, and of 
Caph in Cassiopeia, is somewhat remarkable. They 
are both in the equinoctial colure, almost exactly 
opposite each other, and equally distant from the 
pole. Caph is in the colure, which passes through 
the vernal equinox, and Megrez is in that which 
«passes through the autumnal equinox. The latter 

S asses the meridian at 9 o'clock, on the 10th of 
[ay, and the former just six months afterwards, at 
the same hour, on the 10th of November. 

Psiy in the left leg of Ursa Major, is a star of the 
3d magnitude, in a straight line with Megrez and 
Phad, distant from the later 12^^. A little out of 
the same line, 3^ farther, is another star of the 5th 
magnitude, marked Omegas which may be dis- 
tinguished from 4,. from its forming a straight line 
.with the two Pointers. 

The right fore paw, and kinder one, are dis** 
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tinguished by two stars of the 4th magnitude, be- 
tween 19 and 2° apart. The two stars of the left 
hind paw are of the 3d magnitude. These three 
duplicate stars are nearly in a right line, 209 S. of, 
and in a direction nearly parallel with, I%ad and 
Dubhe, and are the only stars in this constellation 
that ever set in this latitude. 

There are few other stars of equal brightness 
with those just described, but amidst the more 
splendid and interesting group with which they 
are clustered, they seldom engage our observation. 

The whole number of visible stars in this constel- 
lation is eighty-seven ; of which six are of the 2d, 
three of the 3d, and about tvdce as many of the 
4th magnitude. 

TELESCOPIC OBJECTS. * ^ 

286 H. I, Umjb Majorts.— a. R. s£ 09 h. 49 m. 30 a Dec 4- 
. 69^ 30'. A round nebula, thus described in the Bedfoid Catalogue. 
« A bright daas round. nebula at the back of Ursa Major's left ear.- It is 
ludd white, and lights up at the center. There are two lines, of three 
staiB each, across the field, of which the one preceding the nebula is c^ 
tihe 7th magnitude, and that following of the 10th ; between these the sky. 
10 intensely black, and shows the nebula as if floating in awful and 
illimitable space at an inconceivable distance. Dr. * Derham, whose 
judgment led him to consider nebuls as vast areas of light, « infidlibly 
beyond the fixed stars," thought that some of them might be openings in 
the opacity surrounding the visible system, which chasms show us the 
light of the eilipyreal sphere beyond it 

v« Discovered by Sir W. Herschel in November 1801, and he says 
that < on the noVth following side there is a &int ray interrupting the 
roundness.' " 

I have recently examined this object with care, but it had sunk too low 
to be well seen. It appeared fointer than any of those whose descriptions 
follow, and smaller. It occupies an insignificant portion of the field oi 
view, and in case we receive it as a disthict globular cluster, an <* island 
universe," its distance must be enormous. 

47 M. Ub8« Majoris.— a. R = 11 h. 05 m. 24 s. Dec. = + 
6.50 52' 09". Is thus described in the Bedford Catalogue. " A large 
planetary nebula or globular collection of nebulous matter, on the Great 
Bear's flank, with several stars in the field, one of which is pretty- close. 
It hes about 2^ south-east of Merak, just south of the line joining Merak 
and Phad. This very singular otgect is circular and uniform, and after 
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a long iiwpection kx^ likd a oondeiiflBd maas of attemiated light, ■eeoi 
ingly of the size of Jupiter. %r W. Henchel remaiiu : * From tha ob- 
aervations of the twenty feet telescope, it appears that the profundity 
' of this object is beyond the gnaging power of that instrument ; and as it 
must be suffidenlly distant to be ambiguous it cannot be less than thafc 
of the 980th order *->or 980 times more remote than Sinus." 
Discovered by Messier in 1781. 

43 H. y, Ubss Majo^is.— a. R. =s 12 h. 11 m. 04 s. Dqc. 3= 
-|- 48® 1 r. This object was examined by myself on the evening of tlie 
Sd July, 1 847, when the following memoranda were made : 

Magnifying power 260. . The nebula is elongated north and sonth, 
stretching neuiy acroas th^ field of view. A faint star was seen near 
each extremity. The nebulosity very feint on the right gradually feding 
away at each extremity. The nucleus resembles a small star elongated 
00 as to erofls the longer axis of the nebida at angle of about 30<^. 

Power 600. 

The nebula undergoes but little change. The nucleus less perfectly 
defined than with the lower power. 

This object may be found by drawing a line from « through y Ursa 
Majoris, and extending it about 7^^ beyond the last named star. Al- 
tly>ugh birge, it is feint, and requires a large aperture to give it much 
int^est. In case it be a universe of fixed stars, its distance must be be- 
yonii.the stretch (x( imagination, and the clustering of worlds at its center 
must be fer greater than in any other part of its vast extent It may be 
an immense aiinulus, or ring, seen obtiquely ; and, possibly, resemUeiL 
somewhat our own sidereal stratum in figure. 

196 H. I, Ursa Mayoris.— A. R. == 11 h. 68 m. 61 s. Dec. ss 
+ 430 &r Od". Described m the Bedfoid catalogue as a bright daaa 
nebula. My ovm notes are in the following language : A small, elon- 
gated nebula, running nearly north and south. The- length is four Or 
five times the breadth. The nucleus is quite sharp. The entire length 
does i^ot appear to exceed 30'' or 40^'. It is pxeceded by a coarse double 
star. Examined with a power of 260, and an aperture of 12 inches. 

Discovered by Sir William Iferschel, 1778. Its shape is not unl&e 
the preceding nebula* but its brightness is much greater. It requires • 
good instrument to biing it feirly to view. 

194 H. I, UasjB Majorts.— A. R. = 1 1 h. 17 m. 21 s. Dec. = -|-- 
440 27' 09". This object was examined by myself in July. 1847. It 
la a feint nebula, elongated from -north to south. There is a telescopic 
star on the .right equal in brightness to the nucleus of the nebula. It is 
followed by three telesoofMC stars, forming a fiat isosceles triangle, whose 
vertex points to the nebula. Its length is about 50". A ray from Reg- 
ulus to y UrB9 Majoris, leachee the nebula at about two-thirds the distance 
between the stars. 

46 H. V, Ursjb Ma7orts.~R. A. = 1 1 h. 02 m. 02 s. Dec. = -f- 
f^^ 31' 08". Ifind the nebula elongated in the direction of the paralleL 
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With a power (#(|B0, the nebulotity extends half toroM the ^eld of view. 
The nucleus is certainly double. The smaller' point of light is below, 
and to the right, at a distance of about 10". No mention is made of the 
double nucleus by either Herschel, or by any astronomer whose de8Cii{^ 
tion has jnet my eye. 

iT ^ Ubsjb Majobis. A. R. =s: 8 h. 66 m. 13 b. Dec. = -|- 67^ 46^ 
07". . A double star, in the Bear's forehead, A 6^, B 9^. The color of 
the principal star is white, while its companion is blue. 

Pes. 2830 00' Dist TM Epoch 178S.42 Heradiel. 
263 33 4 A9 1832.14 Str&ire. 

This would indicate orfaitual motion ; but, owing to the defects in Her- 
scheL's early obsenrations, it requires confirmation. 

P UrS2B Majobis.— a. R. = 11 h. 09 m. 38 s. Dec. = 4- 320 25^ 
08 . A binary star, in the Bear's left hind paw, A 4^ B 6^, magnitude. 

Sir John Herschel finds for this system a period of revolution equal to 
69 years. M. Sayary gives 68^ years for its period. In case these re- 
sults are reliable, a knowledge of the distance of this system would give 
to us the relative magnitude* of the stare, and their mass, compared with 
oar sun. 

Pos. 1430 4r Dist 3".60 Epoch 1780.33 Herschel 
229 30 1 .82 1827.26 Strilve. 

143 20 2 .30 . 1843.16 Smyth. 

Here is e^thibited a conmlete revolution of the angle of position throtigh 
3600, from the epodi df the first observaticm to that of the last. • 

f Ubss Majobis— a. R = U h. 09 m. 49 s. Dec ss^ 330 gg'. 
A double star, on the Bear's left hind foot, A 4, B 12. 
Pes. 1470 02; Dist. r.8 Epodi 1834.31 

^ Ubss Majobis Mijab. — A. R. = 13. h. 17 m. 28 s. Dec= ^ 
550 4.V 08". A beautiful double star, in the middle of the tail of the 
Bear, A 3, B 6, magnttode. 

Pos. 146O20' Dist 14".24 Epoch 1819.70 Striive. 
147 24 14 .40 1839.32 Smyth. 

It is uncertain whetiier any physical connection exists between the two 
components, though an identity of proper motion would lead us to think 
them united. In exhibiting this double star to those not fiuniliar with 
the heavens, on taking the eye from the telescope, and looking at the 
star with the unaided vvAgd^ many persons exclaim that they see the 
■man star with the naked eye. This is, however, a mistake, llie faint 
•tar really sieen is not the one shown by the telescope, but a much more 
distant minute star, called Aleor, Indeed, with the great lefinctor of the 
Cincinnati Observatory, Alcor, which to the eye appears so very close to 
Mxest, does not even M within that field of view of the telescope, which 
. M occupied by Mizaz in its center. - ^ . 

From the fiict that Alcor and Mizar have an identity of proper motion, 
it has been argued that they may constitute a binary system — two suns 
revolving around thehr common center of gravity. Should this be true, 

l2 
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■nd their diatanoe be amtinwd m gnat m tfitt awijIM to skan of tbe 
same magnitude, they cannot oompletQ their levohition in a peiiod leaa 
than 190,000 of our yean! 

In the Memoirs of the Obeeryatory of the Collegio Romano, 184S» 
KMne singullar notices of Mizar are nuide, which I venture to translate. 

I give the substance of the notices as follows : 

On the 18th April, 1841, M. Madier oommiumcated to M. Aiago the 
lingular &ct that, at 9 o'clock and 8 minutes, on that OTening, he had 
seen Mizar without a companion. About 10 o'clock, the small star re-^ 
appeared in all ita briUiani^. He thinks he had observed the same 
phenomenon, with an inferior instrument, in 1834, and. infers that the 
small star is variable, with a long period. The Itahan astronomers report 
the detecti(Ni of four minute points in the aame field with Mizar, some or 
all of which appear to be variable. 



DIRECTIONS FOR TRACING THE CONSTELLATIONS ON 

MAP NO. XIII. 

BbOTEs — The Bear Driver. 

Corona BoREAUS — The Northern Crown. 

QuADRANS — The Quadrant. 

Canes Venatici — The Grey Hounds. 

Coma Bereihces — Berenices' Hair. 

Favorably situated for exammalion in May, June 
and July, 

BOOTES: 

The Bear Driver is represented by the fi^re of a 
huntsman in a running posture, grasping a club in 
his right hand, and holding up in his left the leash 
of his two grey hounds, Asterion and Chara, with 
which he seems to be pursuing the Great Bear round 
the pole of the heavens. He is thence called Arcto* 
phylax, or the " Bear Driver." 

This constellation is situated between Corona 
Borealis, on the east, and Cor Caroli, or the Grey- 
hounds, on the west. It contains My-four stars 
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including one of the Ist magnitude, seven of the Sd, 
and ten of the 4th. Its mean declination is 30^ 
N., and mean right ascension is 212^ ; its center is 
therefore on the meridian the Oth of June. 

Bootes may be easily distinguished by the position 
and splendor of its principal stcur, Arcturus^ which 
shines with a reddish luster, very much resembling 
that of the planet Mars. 

Arcturus, marked a, is a star of the 1st magnitude, 
situated near the left knee, 26^ S. E. of Cor Carol! 
and Coma Berenices, with which it forms an elon- 
gated triangle, whose vertex is at Arcturus. 

Five or ait degiiees 8. W. of Aietunis tate three etan of the 3d and 
4f h magnitades, lying in a curved line, about HP apart, and a little below 
tlie left knee of Boutee; and about 70 E. of Arcturus are tfaiee or four 
other stars of dmilar magnitude, aituated in the other leg, making a 
larger curve N. and 8. 

. JMtroc, marked «, in the girdle, is a star of the 3d magnitude, KP N. 
N. E. of Arcturus, and about 11^ W. of Alphaoca, or « in the Northern 
Crown. Segimuy maiked y, in the west dioulder, is a star (s( the 3d 
magnitude, nearly ^QO E. of Cor Caroli, and about the same distance N. 
of Arcturus, and forms, with these two, a right angled triangle, the right , 
angle being at Seginus. 

Atiadwropa, maiked /u, situated in the top of the club, is a star of the 
4th magnitude, about lOJ^ in an easterly direction firom y, which 
lies in the left shoulder : and about 4^^ 8. of Alkaturops is another star 
of the 4th magnitude, in the club near the east shoulder, marked Delta 
i m about 90 distant from Mirac, and 7^^ from Alfdiaoca, and forms, with 
these' twOk a regtdar triangle. 

NekkoTj marked )8, is a star of the 3d magnitude, situated in the head, 
and is about 60 N. £. of Seginus, and SPW.d Alkaturops; it forms 
with cT and Seginus, nearly a i^^t angled triangle, the right angl6 being 
at N^kkar. 

' These are the principal stars in this constellation, except the three stars 
<f the 4th magnitude situated in the right hand. These stars may l)e 
known, by two of them being close together, 'and about 5^ b^ond 
Benetnasch, the. first star in the handle of the Dipper. About 6^ £. of 
Benetnasch is another star of the 4lh mi%;ilitude, tntuated in the arm, 
which forms, with Benetnasch and the tfarw in the hand, an equilaleral 
trian^e. 

Arcturus is mentioned by name in that beautiful 
passage in Job, already referred to, where the 
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Almiglity answers "out of the whirlwind," and 

says : 

« Oanst thou the aky's benerolenoe lestnuii. 
And cause the Pleiades to shine in vain 1 
Or, when Orion sparkles from his sphere, 
Thaw the cold seasons and unbind the year ? 
Bid Mazzaroth his station know, 
And teach the bright Arctunu where to glow ! ** 

Young's Paraphrase. 

TELBSCOPIO OBJECTS. 

i BooTis.— A. R. = 14 h. Id m. 30 s. Dec = + 62© 06' 04". A 
deiicate triple star in the right hand of Bootes. A 4^, B 4|^ C 8, 
magnitude. * 

Discovered by Struve. 

A B Pos. 149« 00' Dist 00".3 Epoch 1836.M 5 ,,. . 

AC 33 09 38 .06 1836.!^ 5 ®°^v». 

A White Rouvd Nsbiti.a.~14 h. 1 1 m. 44 s. Dec, :*= 37© 14' 04" 
Discovered by Herschd, on (st May, 1785. 

A Nkat DonBLE &rAB. — A. R. = 14 h. 15 m. 31 s. Dec. = -j- 
09O 10' .07". Between the left foot of Bootes and Virgo, on. a tine be- 
tween Spica, I Bootis. A 6, B white, B 7^, blue. 

Discovered by Piazzi. 

Pos. I860 03' l>ist06".«6 Epoch 182^.40 Struve. 

«• Boons.— A. R. = 14 h. 83 m. 12 s. Dec. = 4- 17© 06' 06". 
On the left leg. A 3^, B 6, magnitude. 

PoB. 990 03* Dist, 06".00 Epoch 1836.51 Smyth. 
96 57 08 ^ 1847.60 Mitchel. 

C BooTis.— A. R. = 14 h. 33 m. 31 s.. Dec. = ^ I40 25' 01". 
A close double star on the left leg of Bootes. A 3j, 6 4^. 

Discovered by Herschel^ 1796. 

Poa. 1290 17' Dist 05". 190 Epoch 1830.47 Str&ve. 
128 24 06 .924 1847.62 Mitchel 

This result, after an interval of seventeen years, determines, it would 
seem, the fitity of the' components, though from early observations mo- 
tion had been suspected. 

i^BoOtis.— A. R. =:i4h.38m.00s. Dec. = -j- 270 45' 01". A 
fine'double star on the left hip of Bo' tes. A 3^ pale orange; B 7, sea 
green. This is certainly oAe of the inost beautl&l amcMig the double 
stars. 

Discovered by Henchel. 

Pos. 320« AT Dist. 02". 58 1 Epoch 1831.41 Struve. 
323 38 02 .917 1841.41 Midler. 

320 60 02 .568 1846.66 Mitchel 
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f B<k;ti8.— A. R =r 14 h. 44 m. 00 8. Dec, == + 19*» 46' 01*. A 
binaiy star on the left knee of Bootee. A 3^1 orange ; B 6^, purple. 
The orbit was computed by Sir Jdbix Henchel in 1883, but with little 
success. Madler tlunks the periodic time cannot he nearly so short ae 
that obtained by HerscheL It will probably exceed .400 years. 
Discovered by Henchel, 1780. 

Poa. 3340 10* Diet. 0r\2% Epoch 1829.46 Str .ve. 
. 3t4 41 07 .09 . 1841.43 Madler. 

317 44 06 .483 1817.63 Mitchel. 

A 8ma£1. NxBiTiJk. — A. R ss 14 h. 63 m. 58 a. Dec s 4- 54^ 
32' 07". Between the right hand of Bootes and Draco. 
Discovered by HeiBchel, 1788. 

39 BooTis^-A. R. =r 14 h. 44 m. 16 a. Dec. s*zJ^i90ZSt^ 08;'. 
On the qght. wrist of Bo5tes. A 6^, B 6^, magnitude. 
Poe. 440 12' Dist 03". 71 Epoch 1830.02 Struve. 
87 00 04 .00 . 1847.60 MitcheL 

These measDies diow a retrograde motion, as do all the previous one% 

44 BooTiSv— A. R = 14 h. 68 m. 31 s. Dec = + 48<> IQ' 08". 
A close double stair in the space Mowing the right arm of Bootes. A 
5, B B, magnitude. This star has occasioned no little difficulty, owing 
to the abrupt changes which have occurred in the xelative positions of the 
Gocnponents. - Mailer thinks Herschers first observation is wrong by 180 
degrees ; an error easily oommitfeed, considermg the near equality of the 
two stars. On this hypotfaesu the periodic time may not differ much 
from sixty or seventy yean. A few measures are added. 



Poe. 6OOO6' 


Dist. 02".0O 


Epoch 1781.62 


HerscheL 


228 00 


01 .60 


1819.48 


Struve. 


233 39 


02 .66 


1829.80 


Str live. 


237 02 


04 .068 


1841.47 


Mudler. 


238 20 


03 .738 


1847.62 


Mitrhel. 



fit 2 Boons.— A. R. = 16 h. 18 m. 28 s. Dec = -^ 37o 54' Or. 
A binaiy star on. the tip of the staff of^BoGtes. A 8, B 8^, magnitude. 
The components are preforming their revolution in a ictrognde oidei^ 
and in a period of 300 or 400 years, 
lliese measures will show me rate of motion. 
Pos. 3570 14' Dist. Epoch 1782.68 HerscheL 

327 00 01".385 1826.77 Struve. 

315 04 01 .060 183G.65 Struve. 

308 43 06 .885 1841.46 Madler. 



i 
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DRACO.* 

The Dragon. — This constellation, which com- 
passes a large circait in the polar regions by its 
simple folds and contortions, contains man^ stars 
which may be easily traced. 

From the head of the monster, which is under the 
foot of Hercules, there is a complete coil tending 
eastwardly, about 17° N. of Lyra ; thence he winds 
down northerly about 14° to the second coil, where 
he reaches almost to the girdle of Cepheus, then he 
loops down somewhat in the shape of the letter U, 
^nd makes a third coil about 15^ below the first. 
From the third coil he holds a westerly course for 
about 13^, then goes directly down, passing be- 
tween the head of the Lesser and the tail of the 
Greater Bear. 

This constellation contains eighty stars, including 
four of the 2d magnitude, seven of the 3d, and twelve 
of the 4th. 

^ The Dragon next, winds like a mighty stream ; 
Within its ample folds are eighty stars, 
Four of the second order. Far. he wpives 
His ample i^ires, involving either Bear.** 

The head of the Dragon is readily distinguished 
by means of four stars, 8°, 4°, and 5° apart, so situ^ 
ated as to fornfi an irregular square ; the two upper 
ones being the brightest, and both of the 2d magni- 
tude. The right hand upper one, called Etanin, has 
been rendered very noted in modern astronomy from 
its connection with the discovery of a new law Jn 
physical science, called the Aberration of Light. 

The letter name of this star is Gamma, or Gamma 
Draconis ; and by this appellation it is most fre- 
quently called. The other bright star, about 4^ 
from it on the left, is Rastaben^ marked /3. 

• See Map XVn for part of Draco. 
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About 4® W. of p, a small star may, with close 
attention, be discerned in the nose of the Dragon, 
which, with the irregular square before mentioned, 
makes a figure somewhat resembling an Italic F, 
w^ith the point towards the west, and the open part 
towards the east. The small star in the nose, is 
called Er Bakis, marked ft. 

The two amall itan fio „ 69 8. of Radteben aie in Oie left foot of 
HercoleB. 

Rastaben is on the meridian nearly at the same 
moment with Ras Alhague. Etanin, 40° N. of it, is 
on the meridian about the 4th of August, at the 
same time with the three western stars in the face 
of Taurus Poniatowski, or the V. It is situated 
less than 2° west of the solstitial colure, and is 
exactly in the zenith of London. Its favorable 
position has led English astronomers to watch its 
appearance, for long periods, with the most exact 
and unwearied scrutiny. 

In the year 1795, Mr. Molyneuz and Dr. Bradley fitted up a veiy 
accurate and costly instrument, in order to discover whether the fixed 
stars had any sensible parallax, while the earth moved from one extremity 
of its orbit to the other ; or which is the same, to determine whether the 
nearest fixed stars are situated at such an immense distance trota the 
earth, t^t any star which is seen this night directly north of us, will, six 
months hence, when we shall have gone 1 90 nuilions of miles to thtf 
eastward of the place we are now iii, be then seen exactly north of us 
still, without changing its position so much as the thickness of a 
spider*8 web. ^ 

These observations were subsequently repeated, with but little inter- 
iniasion, for twenty ytiars, by the most acute observers in Europe, and 
widi telescopes vaiying from twelve to thirty-six feet in length. In the 
meantime, Ih-. Bradley had the honor of announcing to the world the vei^ 
nice discovery, that the motion of Ugkt, combined with the progressive 
motion of the earth in its orbit, causes the heavenly bodies to be seen in 
a different position from what they would be, if the eye were at rest. 
Thus was estabUshad the prindj^ of ^ Aberration of Light. 

This prindpie, or law, now that it is ascertained, seems not cmly very 
plain, but self evident. For if light be progiiessive, the position of thia 
telescope, in order to receive the ray, must be different from What it would 
have beoi, if light had been instantaneoos, or if the earth stood stilL 
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Henoe the pboe to which the telescope u directed, will be different from 
Jie true place of the object. 

The quantity of this aberration ia determined by a simple proposition. 
The earth describes ^V 8*' of her oibit in a day xs 3M8", and a ray of 
light 'comes from the sun to us in 8' 13" = 4d3" : noiw twenty-ibur hours 
or 86400" : 493" : : 3548" : 22" ; which is the chaijge in the star s place, 
arising from the cause above mentioned. 

Of the fear stars forming the irregular square in the head, the lower 
and right hand one is 5 jo i^. of Btanin. It is called Grutmum^ and is 
of the 4th .magnitude. A few degrees E. of the squaitB, may be seen, 
with a httle.carey eight stars of the 5th magnitude, and one of the 4th, 
which. Ues 8^ £. of Grumium. This group is in the first coil of the 
Dragon. 

The second coil is about 13^ below the first, and may be recognised 
hj means of four stars of the 3d and 4th magnitudes, so situated as to 
form a smalU square, about half the size of that in the head. 

The brightest of them is on the left, and is marked DettL A fine 
diBWn from' Rastaben through Grumium, and produced about 14^, will 
point it out A line drawn fix>m Lyra through Zi Draconis, and pro- 
duced 10^ ferther, will point out Ze/o, a star of the 8d magnitude, situated 
in the third' coil. ( may otherwise be kno^^n, by its being nearly in a 
line with.' md. midway, between, Etanin andKochab. From {'. the re> 
maining stiirs in this constellation are easily traced, 

Eto, ThettL, and Ajsicky come next ; all stars of the 3d magnitude, and 
at the distance, severally, of 60, 40 and 50 from ^. At Asich, the third 
star from ^, the tail of the Dragon makes a. sudden crook. Thuban^ 
Kappa, Gitsruar, follow next, and complete the tail. 

Thiibariy marked a, is a bright star of the 8d mag- 
nitude, 11^ from Asich, in a line with, and about 
midway between, Mizar and the southernmost guard 
in the Little Bear. By nautical men this star is 
called the DragorCs TaiZ, and is considered of much 
importance at sea. It is otherwise celebrated as 
being formerly the north polar star. About 2,300 
years before the Christian era, Thuban was ten 
times nearer the true pole of the heavens than 
Cynosura now is. 

Kappa is a star of tiie 3d magnitude, 10^ from Alpha, between Megiex 
and the po^ Mizar and Megreae, in the tail of the Great Bear, form, 
wiUi Thuban and»»in the tail of the Dragon, a large quadrilateral figure, 
whose longest ade is froip Megrei to tu 

GiantOTj the last star in the tail, is between ^e 3d and 4th magni- 
tudes, and 50 frran a. The two poin^rs will also point out Giansar, 
lymg at the distmoe of little move than 8^ firom them, and in the direction 
c€ the pole. 
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TELBSCOPICOBJBCTS.^ 

Air Oyai Nbbula^-A. R. ss 15 b. 03 m. 03 s. Dec. ss -f- 56® 
Sd*. Under the body of Draco. 

DiscoTered by Herachel, 1769. U is fidnt at the edgee. 

A Smau^ Rouvo Nrbui.a.-*A. R. 3s.l5h. 35 m. 53 t. Dec. 4- 
590 52^. In the center of Dreoo'a body. 

DieoovBied by Henchel, 1788. 

Thia object brightens at the center, preaenting a nudena not; very.peiw 
fectly defined. It is followed m the same field by a much larger elon- 
gated nebula, which seems to ha^e escaped all preceding observers. It 
was discovered, 4th July, 1847, by Mn. Mttchel, while engaged in a 
ditica] examination of the above object. It is fiiint, but isertson, and has 

ovU or eU^fdcal figure. 



/u Dracobtis A. R. 3= 17 h. 02 m. 02 s. Dec. = 540 4 1' 02". A 

fine binary star, on the tip of Dracoes tongue. A 4, B 4^, magmt^de. 
Discovered by Herachel, 1781. Since which period a retrograde mo- 
tion has been in progress, as is fiilly sustained by the reported measures, 
■viz.— 

Pes. 2320 22' Dist 4''.35 Epoch 1781.73 HencheL 
205 06 8 .23 1832.22 Strive. 

190 57 2 .90 1847.70 Mitchel. 

4 1 DaAcowis.— A. R. =? 17 h. 44 m. 47 B. Dec. +• 72© 13'. A 
double BUT, in the middle of Draco's back. A 5^^, B 6. Bo^ white. 
This distance is about 31"; the position 159. No change Aems to 
have taken place. 8u Mc^y No XVII. 

A DouBLx Star.— A. R. = 17h. 26 m. 07 s. Dec. s^-f 50O 59^ 
09". Between the light foot (rf* Hercules and Draco*s eye. A 8, B 8 j, 
magnitude: 

Poa. 2660 28' Dist 3".17 Epoch 1881.29 Strr.te 

266 20 3 .03 1847.70 Mitchel. ^ 

A Plakxtart NaBtrtA.— a. R. = 17 h. 58 m. 39 s. Dec. 66O 38^. 
Between the fitst twist of Draco and his head. 

Discovered by Hfrscbel, in 1786. 

This singular object is described in the Bedford Catalogue, without 
any mention of a remarkably bright but small nucleus which occupies its 
center. This point was detected by myself, July, 1847. When the 
eye and attention is attentively fixed tm the een^ point, the nebub 
fode9 fiom the view, and the moment the attention is withdrawn firom 
uie nucleus, and a casual glance is directed to the nebula, the star fiides 
. and th^ nebula brightens^up in a most beautiful njanner. Tliia curious 
pbenomemoi was noticed by many penHJOB in my company. No one 
can doubt the connection between ibis nebulous mass wad the round 
central point of light It is unlike a star, as it is round and clear, wiUi a 
minute disk and no radiations. I have discovered but one other object 
like it Here is the connecting link between pianetaiy neboks and 

M 
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nebulous Btais ; . at leai$t, rach would be the opinion of thoee who still 
adhere to the nebulous theory. 

This remarkable objeet, as wii^ be seen from the position, is in the pole 
of the ecUptic, 

9 Dracostis^A. R. == L8 h. 48 m. 50 8. Dec. =s=-|- 69© 11' OTT. 
A double star, on Draco's neck. A 6, B 9, magnitude. Midler thinks 
the components i^ysicatty connected, with a period of about 1600 years. 
Pos. OOOOO' Dist. 5i6".37 Epoch 1781.68 Hcrschel. 
346 83 80 .26 1832.50 8trQve. 

344- 61 32 .10 1841.48 Midler. 

ff Diucd»is.r-A. K. =s 19 h. 48 m. 41 s. Dec. 690 51' 06". In the 
bend of Draco's back, A 5^, B 9^, magnitude. 

Discovered by Herschel, whose fost measures are probably wrong in 
some way, as they would indicate a great motion, between 1781 and 
1804, wh^ch is not sustained by the later observations. 

Pos. 35504O' Dist. 2".69a Epoch 1841.55 M;;dier. 



COMA BERENICES. 

Berenice's Hair. — This is a beautifhl cluster of. 
small stars, situated about 5^ £. of the equinoctial 
coluri, and midway between CorCaroli on the north- 
east, and Denebola on the southwest. If a straight 
line be drawn from Benetnasch through CorCaroli, 
and produced to Denebola, it will pass through it. 

The principal stars are of between the 4th and 5th 
me^i^nitudes. According to Flamsted, there are thir- 
<teen of the 4th magnitude, and, according to others, 
there are seven ; but the student will find, agreeably 
to his map, that there are but three stars in this 
group entitled to that rank. 

Although it is not easy to mistake this group for 
any other in the same region of the skies, yet the 
stars which compose it are all so small as to be 
rarely distinguished in the full presence of the 
moon. The cpnfused luster of this assemblage of 
small stars, somewhat resembles thjBtt of the Milky- 
Way. It contains, besides the stars already alluded 
to, a number of nebulsB. 
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The whole number of stars in this constellation 

?43; its mean right ascension is 185^. It, conse^ 
jently, is on the meridian the 13th of May. 



■^< Now behold 



The glittering maze oi Berenice'a Ha^ ; 
Forty the stan ; bift such as seem to 
The flowing tresses with a lambent ftre : 
' Four to the teleacope alone are seen.'* 

TELESCOPIC OBJECTS. 

36 CoMji BsRNT€Es. — A. H. = 12 h. 45 m.' 25 s. Dec. = -\- 220 
or. A triple star, between the Tresses and Virgo's northern wing. 
A 5, B indistinct, C 10. Such are the magnitudes assigned by Captain 
Smyth. I measured the components on the 27th July, 1847, and found 
the individual measures accord well with each other. 

Pot. A B = 40O 04' Dist = r'.316 Epoch as above. 
A to C 125 31 

In 1830, Struve gives the measures of A to C as fellows : 

Pos. A to U 1240 43^ Dist. 28^61 Epoch 1830.13. 

Captain Smyth makes the distance between A and B, in 1834, P.OO. 
In 1843, 1".6. 

64 MsssTSR, CowjB Bzniffcsii.-- A. fi. = 18 h. 48 m. 52 & Dec 
-}- 220 9d^ 02^'. A large elliptical nebula, between Bemioe's hair and 
Virgo's left arm. 

Discovered by Messier, 1780. 

Sir John Herschel considers this nebula resolvable, though not re- 
solved. He says : << I am much mistaken if the nucleus be not a double 
star, in the general direction of the nucleus ; 320 much increases this sus- 
picion ; 340 shows well a vacuity below the nucleus." 

53 Mxsstsa, Comjs Bsbhices.-^A. R. = 13 fa. 05 m. 03 s. Dee. 
= -j- 190 or 03". A globular cluster, between the Coma and Virgo's 
left hand. A brilliant mass of minute stars, varying from the, 1 Itfa to 
the 16th magnitudes. 

Discovered by Messier, 1774. Resolved by Herschel, who finds .it 
greatly compressed at the center. This is one of the many magnificent 
*• island universes." 

Sir John Herschel, with his 20 feet reflector, saw this object with 
curved radiations of stars, somewhat resembling the claws of a crab. 

42 CoMx BsaificBS.-^A. R. = 13 h. 02 m. 12 s. Dec. = -f- 18° 
22' 06". A very dose double star, between the Lady's hair and Virgo's 
left hand. A 4|, B 5, magnitude. Both stars are said to be pale-yel- 
low. It is Na 1728 of Striive^s great catalogue, and is among his 
«• vicinissim»," or very closes^ stars. 

The measures run thus: 
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Poi. 090 30' 


Dift Kpoch 1827.83 


11 06 


0^649 1829.40 


— — • 


nngk) 1833.37 


828 la 


lomewhat doogalBd 1834.43 


191 18 


1335.39 



Straps. 



After tfaia, the rneanms ara made with little Yarialion, up to 184 1, 
when Mkidler, of Dorpat, gives these : 

Fob. 183<» 16' Dut 0".327 Epoch 1841.45. 

Heie is, doubtles^ a binary system, but one of great difficulty. The 
Stan being nearly equal in magnitude, it is difficult to distinguish the 
ann^e of position fiom the same, increased by i80<^. 



A8TERI0N ET CHARA; VEL CANES VENATICL 

The Greyhounds. — This modern constellation, 
embracing two in one, was made by Hevelius out 
of the unformed stars of the ancients, which were 
scattered between Bootes on the east, and Ursa 
Major on the west, and between the handle of the 
Dipper on the north, and Coma Berenices on the 
south. 

These Hounds are « represented on the celestial 
sphere as being in pursuit of the Great Bear, which 
Bootes is hunting round the pole of heaven, \irhile 
he holds in his hand the leash by which they are 
fastened together. The northern one is called As' 
terioTiy and the southern one Chara. 

The stars in this group are conniderably scatter- 
ed, and are principally of the 5th and 6th magni- 
tudes ; of the tWenty-five stars which it contains, 
there is but one sufficiently large to engage our at-^ 
tention. Cor Carolij marked a, or Charleses Hearty 
so named by Sir Charles Scarborough, in memory 
of King Charles the First, is a star of the 3d mag- 
nitude, in the. neck of Chara; the southern Hound. 

When on the meridian, Cor Caroli is 17^^ directly south' of Alioth, 
tile third star in the handle of the Dipper, and is so nearly on the same 
meridian, that it culminates only one minute and a half after it. This 
occurs on the 20th of ACay. 

A line drawn lirom Cor Caroli, through Alioth, will lead to the north 
polar star* This star may also be readily distinguished by i^ being in a 
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struct line with, and nudway between, fienetnasch, th^ finC star in the 
faandljO of the Dipper, amf Coma Berenicea: and, also^ by the fiict that, 
^irheyi Coi OaroH ia on the meridian, Denebola bears %S° 8. W., and 
Arcturua 26^ S. £. of it, forming, witfi these two stars, a very large tri- 
angle, whose vertex is at the north. It is also at the ner&em extremity 
of the laige Diamond, already described. 

The remaining stars in tfajs constellation are too small, and too. much 
scattered, to excite ow interest 

TELESCOPIC OBJECTS. 

2 Cavw VeiTaticorujc. — A. R. = 12 h. 08 m. 06 s. Dec. == -f- 
41^ 33'. A double star, near Chara's m^uth. A 6, yellow ; fi 9, blue. 

Discovered by.Hersdiel, 1782. 

Pos. 2590 38' DisL li".42 Epoch 1832.16 Struve. 

Its fixity seems to be determined by a comparison of all the recorded 
observations. 

A Larsk NKBULA.-i-A. R. = 12 h. 43 m. 22 s. Dea 4l0 59' 07". 
Immediately preceding the Crown, or ('harles's Heart 

Discovered by Michain, in 1781. Described in the Bedford Catalogue 
as '* a fine pale white object, with evident symptoms of being a com- 
pressed cluster of small stars.'' 

61 M. Cakum VKirATicoRUM^'^A. R, = 13 h. 23 m. 06 s. Dec. 
= -|- 48^ or 07". A pair of lucid nebula, near the ear of Asterioh. 

Discovered by Meaner, 1772. Figured by Sir John Heischel, 1830. 
Resolved by Lord Rosse, into one magnificent cluster, in the shape of an 
immense whirlpool, in 1847. ■ 

I have repeatedly examined this most wonderful object with the 12 
inch refractor of the Cincinnati Observatory. The large nebula is 'seen 
witib a bright nllcleui^ surrounded by a -ring of hazy light, which is di- 
vided, in a part of its circumference, into two branches, which ibrdbly 
remind me of the Milky- Way and its division. I'he smaller nebula is 
round, and its light is seen nearly, if not quite, commingling with that of 
the ring aunounding the prindpal object TUs object strongly resembled 
OUT own great steUar system, so long as it was viewed at the distance 
to whiHi ordinary telescopes could cany the beholder. But under the 
gaze of Lord Rosse^s stupendous reflector, the most bewildering object 
burtts upon the sig^t A mighty oenter» where, in spiral curves, radiate 
masses of light, so vast as to overwhelm the imagination. 

The resolution of this most remaifcable nebula is one of the great 
achievem^its of Lord Roase's telescope. 

3 Messikr, Cakum VairATicoauJC. — A. R. = 13 h. 34 m. 45 s. 
Dec. = -f- ^^ 10' 06". A magnificent cluster, said to contain not less 
than a thousand stars, between ^ southern Hound and the knee of 
Borates. 

Discovered by Messier, 1764 ; and described as « a nebula without a 
brilliant and round.** Resolved by Herschel, 1784, with his 20 

x2 
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fiset lefleotor, w1k> calls it *• a beautiftil clutter of stan^ 6' or 6* in dSame- 
ter.*' I haive lepestedly examined this fine object The maas of stan 
19 greatly oompftcted together at the center, and spread ont in brilliant 
rad^tions in a|l directiona. The largest radiations extend downward, as 
seevi with «n inirerting eye-pieoe. ^ ^ 



CORONA BORIJALTS,. 

The Northern Crown.— This beaatiful constella- 
tion may be easily known by means of its six prin- 
cipal stars, which are so placed as to form a circular 
figure, very much reseipbling a wreath or crown. 
It is situated directly north of the Serpent's head, 
between Bootes, on the west, and Hercules, on the 
east. 

Tliis aflteriam was known to the Hebrews by the name of Ashtarotk / 
and by this name the stars in Corona Boroalis are called, in the East, to 
this day. 

Alphacca, marked a, of the 2d magnitude, is the 
brightest and middle star in the diadem, and about 
11° E. of Mirac, in Bootes. It is very readily dis- 
tinguished from the others, both on account of its 
position and superior brilliancy. Alphkcca, Arctu- 
fus and Segiuus, fprm nearly an isosceles triangle, 
the vertex of which is at Arcturus* 

This constellation contains twenty-one stars, of 
which only six or eight are conspicuous ; and most 
of these are not larger than the third magnitude. 
Its mean declination is 30° north, and its meaa 
right ascension 235°. Its center is, therefore, on 
the meridian about the last of June, and the first 
of July. 

« .And, near to HeUee, efiulgent rays 
Beam, .^IrittJ^ from fby starry crown: • 
Twenty and one^her stan; but dgfat alone 
Conspicuous; one doubtful, or to claim 
The second order, or accept the third." 
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DIRECTIONS FOR TRAaNO THE CONSTELLATIONS ON 

MAP NO. xiV. 

Leo Minor — The Little Lion. 
Lynx — The Lynx. 

Favorably siituUed for examinalion in March^ April 
and May, 

LEO MINOR. 

The Little Lion.— This cdnstellation was formed 
by Hevelius, out of the StdlcB informes^ or unformed 
stars of the ancients, which lay scattered between 
the zodiacal constellation Leo, on the south, and 
Ursa Major, on the north. Its mean right ascension 
is the same; with that of Regulus, and it comes to 
the meridian at the same time, on the 6th of April, 

The modem consteUatioiu, or those whidi have been added to our 
celestial maps, since the adoption of the Greek notation, in 16Q3» are 
referred to by the letters of the English alphabet, instead of the Greek. 
This is the case in Regard to Leo Minor, and all other constellations 
whoee origin is subsequent to that period. 

Leo Minor contains fifty- three stars, including 
only two' of the 4th magnitude. The principal star 
is situated in the body of the animal, IS^ north of 
Gamjfna Leonis, in a~ straight line with Phad, and 
ma}' be known by a group of smaller stars, a little 
above it, on the northwest. 

It ferms an equilateral triangle with Gamma and Delta Leonis, the 
verted being in Leo- Minor. This star is marked with the letter./^ in 
modem catalogues, and, being the principal representatiw of the constel- 
lation, is itself sometimes called the Itittle Lion: 9P E. of this star (the 

ofTT] 



Little Lion), are two stars of the 4th magnitude, in the last paw 
Major ; and about \SP N. W. of it, are two othev stus, of the 3d mag^ 
mtode, in the first hind paw.. 

• 

« The Smaller Idon now succeeds; a oohoit 
Of fifty stars attends his steps ; ' 
And tkrUf to si^ nnaniifid, in^hle.** 
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TELE900PIC OBJECTS. 

800 HsRSCHSL I, LsoiTTs MivoRiR.-i-A. R^ sss 8 h. 42 m. 44 n. 
Dec. = 4> 340 00' 06''. A bright oval nebala, between Lynx and 
Cancer. 

Di§ooTered by Heracbel, 1787 ; and regisCered as a very beautiful no- 
bola, 8' long imd d' broad. 

Other nebula will be found on the chart. 



THE LYNX. 



The constellation of the Lynx, like that of the 
Camelopard, exhibits no very interesting features, 
by which it can be distinguished. It contains only 
a moderate number of inferior stars, scattered over 
a large space, north of Gemini and between Auriga 
and Ursa Major. The whole number is forty-four, 
including only three that are so large as the 4th 
•magnitude. The largest of these, in the nose, 
is in the solstitial colure, 14^ north of Menkalina, 
in the east shoulder of Auriga. The other two 
principal stars are in the brush of the tail, 3 J^ south- 
west of another star, of the same brightness, in the 
mouth of the Lesser Lion, with which it makes a 
small triangle. Its center is on the meridian at 9 
o'clock, on the 23d, or, at half-past 7, on the 1st, of 
Pe'bruary 

TELESCOPIC OBJECTS.. 

4 LTircTa.-^A. R. :=: 6 h. 07 m. 61 s. Bee. ^ -f- fi90 2^ OS'*. 

A close double star, in the noae of ttie Lynx. A 6, B 7^. 
Discovered by StruTe. 

Poe. 880 66' Died;. 0".8l5 Epoch 1830.38 Struve. 

174 P. VI, Ltvcts.— A. R. = h. 30 m. 43 8. De& -j- 590 36' 
06". A double ftar, under the eye of the Lynx. A 7j, ^te, B i0» 
blue. 

DiMsovered by Strave. ^ 

Po8. 1830 28' Diflt 4''.197 Epoch 1830.58. 

The companion appears to be Tariable, ranging from 8} to the 13th 
magnitude. 

14 Lthcis^A. ft. 6 h. 38 m. 67 fl. Dec s: 690 ST 06" A dow 



CONSTELLATION OF THB LYNX. 141 

doable star, under the eye of the Lynx. A 5|, **gMaa yaUovr^" B 1, 

Difloovered bv Struve. * 

Pp8.5(yo6l' Dirt. 0'' 697 Epoch 1630.88 

137* Hkmchsl I, LTifCiB^-^A. R. sssOOh. 14 m. S2h. Dec. 4- 
3.¥> 1 1' 09". A brii^t nebula, on the fore paw» of Leo Minor, but fin- 
chided witfain the limitfl of the Lynx. 

Discovered hyf Herschel, in 1 786, who deacribeB it ai round, pale white^ 
and sparkling in the center, with an additioiiAl &int nebulosity sunround- 
ing I3b0 nucleus. Some 8* ip diameter. 



»♦> 



DIRECTIONS FOR TRACING THE CONSTELLATION ON 

MAP NO. XV. 

Libra — The Scales. 

Fcevorably sUvated for eaoamnatiion, in May^ Jwm 
arid July. 

LIBRA. • 

The Balance. — This is the seventh sign, and eighth 
constellation, from the vernal equinox, and is situ- 
ated in the Zodiac, next east of Virgo. 

The sun enters this ^g-ny.at the autumnal equi- 
nox, on the 23d of September; but does not reach 
the constellation before the .27th of October. 

Virgo was the goddess of justice, and Libra, the 
scales, which she is usually represented as holding 
in her left hand, are the appropriate emblems of 
her office. When the sun enters the sign Libra, the 
days and nights are equal all over the world, and 
seem to observe a kind of equilibrium, like a balance. 

When, however, it is said that the vernal and 
autumnal equinoxes are in Aries and Libra, and the 
tropics in Cancer and Capricorn, it must be remem- 
bered that the signs, Aries and Libra, Cancer and 
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Capricorn, and not the constellations of these na nee, 
are meant*; for the equinoxes are now in the con- 
stellations Pisces and Virgo, and the tropics in Ge- 
mini and Sagittarius ; eack amsteUaiion having gone 
forward one sign in the ecliptic. 

About twenty-two centuries ago, the consteliation 
Libra coincided with the sign Libra; but, having 
advanced 30^, or more, in the ecliptic, it is now in 
the ^n Scorpio, and the constellation Scorpio is in 
the sign Sagittarius, and so on. 

While Aries is now advanced a whole sign above 
the equinoctial point, into north declination, Libra 
has descended as far below it, into south declination. 

Libra contains fifty-one stars, including two of 
the 2d magnitude, and several of the 4th. Its mean 
declination is 8^ south, and its mean right ascension 
226^. Its center is, therefore, on the meridian abotit 
the 22d of June. 

It may be known by means of its four principal 
stars, forming a quadrilateral figure, lying north- 
east and southwest, and having its upper and lower 
corners nearly in a line running north and south. 
The two stars which form the northeast side of the 
square are situated about 7° apart, and distinguish 
the northern scale. The two stars which form the 
southwest side of the square are situated about 6^ 
apart, and distinguish the southern scale. 

Zubeneschamali, marked ^, in the northern scale, about 21© E. of 
Spica, and 8^ £2. of Lambda Virginia, is a star of the 2d magmtnde, and 
is sitoafed very near the ecliptic, aboat 42^0 E. of the autumnal equinox. 
I'he distance from this star down to Theta. (>entauri, is about 2:^^ with 
which, and Sdpica Virginis, it forms a large triangle, on the right. 

Zabenelgenuibi, marked «', is also of the tid magnitude, 9^o below 
Zubeneschamali, tQwards the southwest, and it comes to the meridian 
about twenty-six minutes after it, on the *i3d of June. Zubenelgemabi 
is the northernmost of the four bright stars in this figure, and is exactly 
<^posite the lower one, which is 1 10 S. <rf it 

The star marked y, is a. star of the 3d magnitude, in the north- 
ern scale, 70 S. E. of Zubenelgemabi, and nearly opposite to Zuben«s- 
chamali, at the distance of 1 i^ on the east. These two make the 
diagonal of the square eaet and weaL 



9 

CONSTELLATION OF LIBRA. 143 

iota is a star of the 4th magnitude, and constitutes the souihemmoet 
o net of the square. It is about 6^ S. E. of Zubeneechamali, and 1 1^ 
S of Zubenelgemabi, with which it fonus the other diagonal, north and 
so ith. 

Zubeneigubi i» a btar of the 2d magnittide, situated below the southern 
scale, at the distance of 6^. from Iota, and marks the southern limit of the 
Zodiac It is situated in a right line with, and nearly midway between, 
Spica yirginis and Beta Scorpii ; — and comes to tiie meriman nearly 
at the same moment with Nekkar, in the head of BoOtes. 

The remaining siars in the constellation are too small to engage 
attention. 

The sdiolar, in tracing out this constellation in the heavens, will per- 
ceive that Lambda and Mu, which lie in the £aet of Virgo, on the west, 
foim, with ZubenescbamaU and Zubenelgemabi, almost as handsome and 
perfect a figure as the other two stars in the Balance do, on the east. 

TELESCOPIU OBJECTS. 

A DoTBLE Stab.— A. R. = 14 h. 14 m. 1 1 i Dec = — 07© 01' 
07". — 1 50, east by north, from Spica Virginia The stars are equal, and 
of the 8th mag^tude 

Poa l6t>O08' Dist 5".02 Epodi 1836.44 Smyth. 

A Ci.os£ DouBLs Star.— A. R. = 14h. 16 m. 06 s. Dec lOO 
56' 03^'.— Close to the heel of the Virgin. A 7}, yellow, B 9^, greenish. 
Discovered by 8tr:>e, 1827. 
Pos. 3S60 87' Dist 1''.41 Epoch 1829.83. 

A Ci.o8'elt Compacted CtrsTXR* — A. R. s:^ I5h. 10 m. 26 a. 
Dec = + 020 41' 03". Over the Balance. 

Discovered by Messier, 1764, who registers it as a round nebula, in 
which, he is confident, not a star exists; and yet, in May, 1791, Sir 
W ilUam Herechel, by the aid of his 40 feet reflector, counted in this ob- 
ject no less than 200 stars. 

This IB one of the great clusters comparatively near our sidereal str»» 
turn, and somewhat resembling that in Hercules, hereafter described and 
figured. The drawing was made under a power of 280, and 12 indies' 
Kpettanf^ the object was thiyi described. ^ 

I oB 51 LiBBA.-^A. R. = 15 h. 68 in. 35 8. Dec ==: — 10<> 55 
06 . A most elegant triple staor, between the upper sccUe of Libra and 
the right leg of Ophiuchus. A, 4^, B 5, magnitude 



Pos. A B 187<^ 66' 
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.16 



Epoch lWSJ6?g^j. 
1780.39 5 "*™=™' 



The disks are perfect, with a power of 600 timea. 
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A Labas OfmmiMBS Cunmn^-^A, R.s3l5h.0eiii:06s. 
Dec. =^ 20^36' or. 

DHiooveitfd by Henfetiel, 1786. It ibiiiw a sort of eomwclingliiik be- 
tween the oongenee of ftan and the distint nebuls. 



»^- 



DIRECrnONS FOR TRACINO THE CONSTELLATION ON 

MAP NO. XVI. 

^ ScoRno — ^Thb Scorpion. . 

Favorably situated for 'examination in June^ Jul^y 
and AvgusU 

SCORPIO. 

The SooRnoN. — This is the eighth sign, and ninth 
constellation, in the order of the Zodiac. It pre- 
sents one of. the most interesting groups of stars, 
for the pupil to trace out, that is to be found in the 
southern hemisphere. . It is situated southward and 
eastward of Libra, and is on the meridian the 1 0th 
of July. • 

The son enters this sign on the 23d of October, but does not leach 
the eonstdlatwn befi>re me 20th of November. When astronomy was 
first cultivated in the Bast, the two solstices and the two equinbxes took 
place when the sun was in Aquarius and Leo, Taurus and Scorpio, 
respectively. 

Scorpio contains, according to Flamsted, forty- 
four stars; includiilg one of the 1st magnitude, one 
of the 2d, and eleven of the 3d. It is readily dis- 
tinguished from all others, by the peculiar luster 
and the position of its principal stars. 

AniareSy marked a, is the principal star, and is 
situated in the heart ofi the Scorpion, about 19^ £. 
of Zubenelgubi, the southernmost star in the Balance. 
Antared is the most brilliant star in that region of 
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liie skies, and may be otherwise distinguished by 
its remarkably red appearance. Its declination is 
about 26^ S. It comes' to the meridian about three 
hours after Spica Virginis, or fifty minutes after 
Corona Boreaiis, on the 10th of July. It is one of 
the stars from which the moon's distance is reck- 
oned, for computing the longitude at sea. 

There are fimr great itara in the heavena, Fomalhauiy AJdebaran, 
Reguhu, and Anttaxt, which formeriy answered to the iolstitial and 
equinoctial pointa, and which were much noticed by the aiironomeni of 
the East. 

About 8J** N. W. of Antares, is a star of the 2d 
magnitude, in the head of the Scorpion, called 
Chaffias^ marked ^. It is but 1^ N. of the earth's 
orbit. It may be recognized by means of a small 
star, situated about 1^ N. £. of it, and also by its 
forming a slight curve with two other stars of the 
3d magnitude, situated below it, each about 3^ 
apart. The broad part of the constellation near 
Graffias is powdered with numerous small stars, 
converging down to a point at Antares, and res«*.m- 
bling in figure a boy's kite. 

As you proceed from Antares, there are ten con- 
spicuous stars, chiefly of the 3d magnitude, which 
mark the tail of the kite, extending, down, first in 
a south-southeasterly direction, about 17^ thence 
easterly, about 8^ further, when they turn, and ad- 
vance about 8° towards the north, forming a curve, 
like a shepherd's crook, or the bottom part of the 
letter S. This crooked line of stars, forming the 
tail of the Scorpions is very conspicuous, and may 
be easily traced. 

The first star below Antarea, which ia the last in the back, is of onlj 
the 4th magnitude. It is about 20 g. £. of Antares, and is marked t. 

Ej^hn, of the 3d magnitude, is the second star from Antares, and the 
first m the taiL It is situated about 1^ below the star t, but inclihing a 
little to the east 

iUu, of the 3d magnitude, is the 3d star from Antares. It is situated 

N 
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Aip bdow Eprilon. It may otfaenviie be known by means of a hbbB 
itar cloee by it, <m the left. 

ZetcL, of about the same magnitude, and situated about as fiir below 
Mu, is the fourth star from Antares. Here the line turns suddenly to 
die east. 

Eta, also of the 3d magnitude, is thd fifth star from Antaiea, and abool 
dJOeastofZeta. 

Tfteta, of Ifae same magnitude, is the sixth star from Antarea, and 
about 4^0 £. of Ota. Here the line turns again, curving to the north, 
and terminates in a couple of stars. 

ioto, is the seventh star from Antares, 3^o above Theta, curving a lit- 
tle to the left. It is a star of the 3d magnitude, and may ba known fay 
means of a small star aknost touching it, on the east 

Kappa, a star of equal brightness, is less than 2^ above Iota, and a 
little to the right 

Leauih, of the 3d magnitude, is the brightest of the two last in the tail, 
and is situated about 3^ above Kappa, still further to die right. It may 
readily b6 known by means of a smaller star close by it, cm the west 

This is a very beautiful group of stars, and easily 
traced out in the heavens. It furnishes striking 
evidence of the facility with which most of the con- 
steilations may be so accurately delineated as to 
preclude every thing like uncertainty in the knowl- 
edge of their relative situation. 

<* The heart, with luster of amazing^ 'force. 
Refulgent vibrates; &int the other parts, . 
And Ul-defined by stars of meaner note/* 

TELESCOPIC OBJECtS. 

Ahtarsb, or « ScoBPii. — A. R. = 16h. 19 m. 36 s. • Dec. = — 
260 04' 03". 

Disoovered to be double, at the Cincinnati Obserratoiy, July, 1845. 
A 1, orange, B 12, blue. The (xmtrait of color is distinctly marked. 
The small star follows the principal one. on the same parallel. Distance 
2". 6. The principal star was pronounced to be double, by the Wash- 
ington observers, in August, 1846, but this error has been subsequent^ 
corrected. This finrms the most remarkable double stai now on the cati^ 
logues, — there bdng no star of the 1st magnitude known, having so minute 
a companion, at so short a distance. 

It was first divided with a power of 250, and aperture of 12 inches. 
The best power for measures is 500, with an aperture reduced 'to 9 
inches. My measures indicate a slight increase in the distance between 
the twQ components. This, however, requires confirmation. 

f 8coBFii.=A. R. = 16 h. 02 m. 48 s. Dec = — 19© 02* 03^. 
Regiatered as a doable star. Discovered to be triple, at the Cincinnati 
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Observatocy, 1846. A and B nearly equal, and of the 6th magHitiide; 
C 7, magnitade. 

from A to B = 1".8 From A -f- fi to C 40".00 



2 
Poa. A 4-B to O s= 3380 29' 

8 

From A to B =s 37 67 

This star waa first seen doable by Heradiel, in 1779 ; but its great 
southern declination bnmght it too near the horizon, in the latitude of his 
observatoiy, to see the close stars. The same may be said of Antares. 
1 have recently received intelligence, that measures of Antares have been 
made in England, 1847. 

9 ScoBHi^-A. R = 16 h. U m. 28 8. Dec. as — SfiO \^ qS". 
A delicate double star, 20 w. by N. from Antaras. A 4, B 9^, mag. 
Pee. 27 1 « 06' Diat. 20". 04 

Disoovered by Herschel, 1783. There is no endenoe of any change 
in the relative position qI the components. 

Pes. 2710 06^ Dist 22".34 Epoch 1847.60 Mitchel. 

/8 Scouii.— A. R. = 15 h. 66 m. 08 s. Dec = — 190 21' or. 
A second rate Greenwich star. Discovered to be douMe by Heiachel, 
1779. A 2, B 5^, magnitude. Madler thinks this a binaiy system of 
long period. The measures are as follow : 

Pos. 260 09' Dist. 14".37 Epoch 1779.72 Herschel. 

26 30 13 .65 1823.28 Her. dc South. 

My own measures are : 

Pos. 260 22' Dist. 13".68 Epoch 1846.50. Agieeing nearfy 
with HeiBchel and South. 

The Bedford Catalogue gives : 

Pos. 240 09' Dist ld".01 Epoch 1836.39. 

From these measures, there is veiy httle evidence of any dumge, either 
in distance or angle of podtipn. 

A Lakos avd Bkilliaitt Olubtbb. — A. R. = 16 h. 07 m. 28 s. 
Dec. — 220 36' 04". 

Discovered by Messier, in 1780, who describes it as resembling the 
nucleus of a comet It is 4^ E. of / Scorpii. and midway between « 
and /S. It is remariuible as being located on the western edge of an im« 
niense opening, w vacant spot, in the heavens, of 4° in breadth, in which 
the most powerful telescopes reveal no stars ! The center of this cluster 
is very brilliant and the surrounding points of light proiiisely scattered 
Herschel regards it as one of the richest and most condensed masses of 
atara yet discovered in the heavens. Examined and figured, 2d August, 
1847. 

A Small Comprbssxd Ciustib. — A. R ^= 16 h. 43 m. 61 s. 
Dec. =r — 260 07' 05". It precedes Antares l^o on the same parallel 

Discovered by Messier. Resolved by Herschel; who eatimates iti 
profundity of the 344th order. 
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Tbii oondaued group is alio on fbe western edge of the opening 
above referred to, uid has given rise to the following remaiiiB by An^, 
leferring to the idea expressed by Henchel, tliat, wherever chasms in the 
heavens are found, near by, extensive dusters and nebula vnll be 
discovered. 

<* Let VBf** says M. Arago, ^connect these &rts with &i.e observation 
which has shown that the stan are greatly condensed toward the center 
of the spbeiic^ clustera^ and. with tlutt which has affi>rded the proof thai 
these stars sensibly obey a certain power of ccHidenralion (or clustering 
power), and we wall feel disposed to admit, with Herschel, that nebuhs 
are formed sometimes, by the inoeasuit operation of a great number of 
ages, at the expense of the scattered stan which <xiginally occupied the 
surrounding regions ; and the existence of empty or ravaged spaces — ^to 
use the picturesque expression of the great astronomer, will no longer 
present any thing whidi will confound the imagination." 

A Larok Rbsolyablb Nxbula. — A. R=16h.61m.04s. Dec. 
—290 60' 06". 

DiMsovered by Messier. Resolved by Hencfael ; who estimates ite difl> 
tance to be of the 734th order. It resembles a comet, and has been 
reported as such, at least once, in a veiy public manner. 

All the reported dusters in this constellation are readily detected by 
any oidinaiy telescope. Their resolution does not require a high power. 
But to show them in all their richness and brilliancy, a powei^l instru- 
ment is necessary. 
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DIRECTIONS FOR TRACING THE CONSTELLATIONS ON 

MAP NO. XVII. 

Ursa Minor — The Lesser Bear. 

Cephjbus. 

Camelopardus — The Camelopard. 

Favorably situated for examination in Marchy Aprils 
and May, 

URSA MINOR. 

The Little Bear. — This constellation, though not 
remarkable in its appearance, and containing but 
few conspicuous stars, is, nevertheless, justly dis- 
tinguished from all others, for the peculiar advan- 
tages which its position in the heavens is well 
known to afford to nautical astronomy, and espe- 
cially to navigation and surveying. 
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The stars in this groap being situated near the 
celestial pole, appear to revolve about it, very 
slowly, and in circles so small as never to descend 
below the horizon. 

In all ages of the world, this constellation has 
been moie universally observed, and more carefully 
noticed than any other, on account of the import- 
ance which mankind early attached to the position 
of its principal star. 

This star, which is so near the true pole of the 
heavens, ha« from time immemorial, been denomi- 
nated the North Polar Star. By the Greeks it is 
called Cynosure ; by the Romans, Cynosura^ and by 
othe^i nations, Alruccabak. 

It is of the 3d magnitude, or between the 2d and 
3d, and situated a little more than a degree and a 
half from the true pole of the heavens, on that side 
of it which is towards Cassiopeia, and opposite to 
Ursa Mfyor. Its position is pointed out by the 
direction of the two Pointers^ Merak and Dubhe, 
which lie in the square of Ursa Major. A line join- 
ing ^ Cassiopeia, which lies at the distance of 32^ 
on one side, and Megrez, which lies at the same dis» 
tance on the other side, will pass through the polar 
star. 

So general is the popular notion, that the North 
Polar Star is the true pole of the world, that even 
surveyors and navigators, who have acquired con- 
siderable dexterity in the use of the compass and the 
quadrant, are not aware that it ever had any devia- 
tion, and consequently never make allowance for 
any. All calculations derived from the observed 
position of this star, which are founded upon the 
idea that its bearing is always due north of any 
place, are necessarily erroneous, since it is in this 
position only twice in twenty-four hours; once 
when above, and once when below the pole. 
According to the Nautical Almanac, the mean dis- 
m2 
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tance of this star from the true pole of the heavens, 
for the 1st Jan. 1849, is 1° 29' 28", and its mean right 
ascension is 1 h. 5 m. and 10.66 s. Consequently, 
when the right ascension of the meridian of any 
place is 1 h. 5 m. and 10.66 s. the star will be 
exactly on the meridian at that time and place, but 
1® 29' 28" abofbe the true pole. Six hours after, when 
the right ascension of the meridian is 7 h. 5 m. and 
10.66 s. the star will be at its greatest elongation, 
or 1° 29' 28" directly west ot the true pole, and par- 
allel to it, with respect to the horizon ; and when 
the right ascension of the meridian is 13 h. 5 m. and 
10.668. 'the star will be again on the meridian, 
but at the distance of 1° 29' 28" directly belmv the 
pole. 

In like manner, when the right ascension of the 
meridian is 19 h. 5 m. and 10.66 s. the star will 
be at its greatest eastern elongation, or 1^ 29' 28" 
east of the true pole ; and when it has finished its 
revolution, and the right ascension of the meridian 
is 25 h. 5 m. and 10.66 s; or, what is the sarnie 
thing, 1 h. 5 m. and 10.66 s. the star will now be 
on the meridian again, 1° 29' 28" above the pole. 

N. B. The right ascension of the meridian or of the midheaven, is 
the distance of the first (xiint of Aries from the meridian, at the time and 
place of olnservation. 'l*he right ascension of the meridian for any time, 
IS found, by milling to the given time the sun's right ascensioa at the same 
time, and deducting 24 hours, when the sum exceeds 24 houra. 

From the foregoing facts we learn, that from the 
time the star is on the meridian, above the pole, it 
deviates farther and farther from the true meridian, 
every hour, as it moves to the west, for the space of 
six hoursj when it arrives at its greatest elongation 
west, whence it reapproaches the same meridian 
belo\y the pole, during the next six hours, and is 
then again on the meridian ; being thus alternately 
half the time west of the meridian, and half the 
time east of it. 
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Heace, it is evident that the surveyor who regu- 
la.es his compass by the North Polar Star, must 
take his observation when the star is on the merid- 
ian, either above or below the pole, or make allow- 
ance for its altered position in every other situation. 
For the same reason must the navigator, who ap- 
plies his quadrant to this star for the purpose of 
determining the latitude he is in, make a similar 
allowance, according as its altitude is greater or 
less than the true pole of the heavens ; for we have 
seen that it is alternately half the time cixyoe and 
half the time bdow the pole. 

The method of finding the latitude of a place 
from the altitude of the polar star, as it is quite sim- 
ple, i» very often resorted to. Indeed, in northern 
latitudes, the fiituation of this star is more favorable 
for this purpose than that of any other of the heav- 
enly bodies, because a single observation, taken at 
any hour of the night, with a good instrument, will 
give the true latitude, without any calculation or 
correction, except that of its polar aberration. 

If the polar ilur alwsjs occupied that point in the heavens which is 
directly opposite to the north pole of the earth, it would be easy to under* 
rtand how latitude could be determined from it in the northern hemisphere ; 
§Bft in this case, to a peison on the equator, tiie poles of the world would 
be seen in the horizon. Consecpiently, the star would appear just visfaie 
in the northern horizon, without any elevation. Should the person now 
travel one degree towards the north, he would see one degree below the 
star, and he would think it had risen one degree. ^ 

And since we always see the whole of the upper hemisphere at ode 
view, when there is nothing in the horivxi to obstruct, our vision, it fol» 
lows that if we should travel 1(P north of the equator, we should see 
just KP below the pole, which would then appear to have risen lOO; 
and should we stop at the 42d degree of north latitude, we should, in like 
manner, have our horizon just 42^ below the pole, or the pole would ap- 
pear to have an elevation of 42^. Whence we derive this general truth: 
The ekvatian of the pole of the equator^ w aboays equal to the latitude 
qf the place of ohaervation. 

Any instrument, then, vrfaich will give us the altitude of the north 
pole, vHll give us also the latitude of the place. 

The method of illustrating this phenomenmi, as given in most treatises 
on the globe, and as adopted by teachen generally, is to tell the scholar 
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that tlie north pole lum hig^r pod hicber, m he tmveli fiutheT and 
fiuther towards it. In other words, whatever number of degrees he ad- 
vances towards ^ north pole, so many degrees will it rise above his 
horiaon. This is not only an obvious err&r in prindpie, but it misleads 
the apprehenskm of the pupiL It is nol that the pok is eievatedj but 
that our lujrizon is depressed as we advance towards the north. The 
- same objection lies against the artificial globe ; for it ought to be so fixed 
thai &e horizon might be raised or depressed, and the pole remain in Hb 
own invariable position. 

Ursa Minor contains twenty-four stara, including 
three of the 3d magnitude and four of the 4th. 
The seven principal stars are so situated as to form 
a figure very much resembling that in the Great 
Bear, only that the Dipper is reversed, and about 
one half as large as the one in that constellation. 

The first star in the handle, called Cyfmsuray or 
ALinwcabah^ is the polar star, around which the rest 
constantly revolve. The two last in the bowl of 
the Dipper, corresponding to the Pointers in the 
Great Bear, are of the 3d magnitude, and situated 
about 15^ from the pole. The brightest of them 
. is called Kochab, which signifies an axle or hinge, 
probably in reference to its moving so near the 
axis of the earth. 

Kochab may be easily known by its being the 
brightest and middle one of three conspicuous stars 
forming a row, one of which is about 2°, and the 
other 3®, from Kochab. The two brightest of these 
are situated in the breast and shoulder of the 
animal, about 3^ apart, and are called the Gtuzrds 
or Pointers of Ursa Minor. They are on the meri- 
dian about the 20th of June, but may be seen at all 
hours of the night, when the sky is clear. 

Of the four stars which form the bowl of the 
Dipper, one is so small as hardly to be seen. They 
lie in a direction towards Gamma in Cepheus; but 
as they are continually changing their position in 
the heavens, they may be much better traced out 
fi'om the map, than from description. 
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Kochab is ahoat 25^ distant from Benetnasch, 
and about 24^ from Dubhe, and hence forms with 
them a very nearly equilateral triangle. 



<< The Lener Beur 



Leadi fipom Ifae pole the luck! band ; the stan 
Which form this oonstellation, laintly shine, 
Twice tweWe in number ; only one beams forth 
Conspicuous in high splendor, named by Gieeoe 
The Cynosure,' by us the Polab Stab.*' 

The following stars have small telescopic com- 
panions : a or the pole star. /I or Kochab, the 
right hand upper star in the bowl of the little 
dipper. ^ The left hand upper star in the bow). 
The companion diBcovered 1841, by Prof. Challi% 
with the Northumberland equatorial, at Cambridge, 
England, i The star near the root of the tail. 
Companion 12th magnitude, pale blue. 5 The star 
next but one to Polaris, in the tail. The principal 
star is of a greenish tiqge, while the companion is 
grey. There are a few faint nebul» in this con- 
stellation. 

GEPHEU8. 

Cepheus is represented on the map as a king, in 
his royal robe, with a scepter in his left hand, and 
a crown of stars upon his head. He stands in a 
commanding posture, with his left foot over the 
pole, and his scepter extended towmds Cassiopeia^i 
as if for favor and defense of the queen. 



« Cepheus illumes 



The neighboring heavens ; still iaithfiil to his queen, 
With tl^rty-fiTe fiunt huninaries maik'd.*' 

, This constellation is about 25° N. W. of Cas- 
siopeia, near the 2d coil of Draco, and is on the 
meridian at 8 o^clock the 3d of November ; but it 
will linger near it for many days. Like Cassiopeia, 
it may be seen at all hours of the night, when the 
sky is clear, for to us it never sets. 
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By reference to the lines on the mup, which all meet in the pole, it 
will be evident that a star, near the pole, moves over a mttch kas space 
in one hour, than one at the equinoctial ; and genendly, the nearer the 
pole, the ncarrower the space, and the dower the motion. 

llie Stan that are so near the pole, may be better described by their 
polar distance^ than by their derJinatifln. By polar distanre, is meant^ 
the dittanot ttom the pole; and is what the dndination wants of 90^. 

In this constellation there are 35 stars visible to 
the naked eye; of these, there glitters on the 
shoulder, a star of the 3d magnitude, called Alder- 
amitii marked a, which with two others of the same 
brightness, 8^ and 12^ degrees apart, form a slightly 
curved line towards liie N. £. Tlie last, whose letter 
name is Kappa, is in the right knee, 19^ N. of Caph, 
iKk Cassiopeia. The middle one in the iinOj is 
Alphirk, marked /I, in the girdle. This star is one- 
third of the distance from Alderamin to the pole, 
and nearly in the same right line. 

It cannot be too well understood that the bearings, or directions of 
one star from anottier, as given in this treatise, are stripy applicable only 
vriwD the fonufv ooe is on, or near the meridian. The beiuings givcsn, 
in many cases, are the least approximations to what appears to be their 
relative position ; and in some, if relied upon, will lead to errors. For 
example: — ^It is said, in the preceding paragraph, that Kappa, in 
Cepheus, bears 19<^ N. of Caph in Cassiopeia. Tliis is true, when 
Caph is on the meridian, but at this very moment, while the author is 
writing this line, Kappa appears to be 190 due west of Caph ; and ax 
months heno^ will appear to be the same distance east of it. The 
reason is obvious ; the circle whidi Cepheus appears to describe about 
the pole, is within that of Cassiopeia, and consequently when on the 
oast of die pole^ will be tmthm, or between Cassiopeia and the polo-^ 
that is, west of Cassiopeia. And for the same reason, when Cephet'.s 
is on the west aide of the pole, it is bettveen that and Cassiopeia, oe 
east of it 

liCt it also be remembered, that in speaking of the pole, which we 
shall have frequent occasion to do, in the course of this worii, the North 
Polar SffjTf or an imaginary point very near it is always meant ; and 
fwt as some will vaguely appr^nd, a point m the horizon, directly N. 
of us. The true pole of the heavens, is always elevated just as many 
degrees above our horizon, as we are north of the Equator. If we live 
in 420 ]v. latitude, the N. pole will be 42^ above our horizon. (See 
North Polar Star,) 

There are also two smaller stars about 9^ £. of 
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Alderamin and Alphirk, with which they form a 
square; Alderamin being the upper, and Alphirk 
the lower one on the W. 8^ apart. In the center 
of this square there is a bright dot, or semi- 
visible star. 

The head of Gepbeus, is in the Milky-Way, and 
may be known by three stars of the 4th magnitude ' 
in the crown, which form a small acute triangle, 
about 9^ to the right of Alderamin. The mean 
polar distance of the constellation is 25^, while that 
of Alderamin is 28^ 10'. The right ascension of 
the former is 338^ ; consequently, it is 22^ £. of 
the equinoctial colure. 

TELESCOPIC OBJECTS. 

X Oxran.— A. R. = 20 h. U m. 08 li Dec. ss 4. 77^ 13' 06". 
A fine doable star on the right knee, about half-way from /i Cephei to t 
Une Minoris. A 4^, white, B 8^, blue. The colon well defined. 

PoflL 1360 IS' Diat or.08 Epoch 1820.18 Struve. 
12.3 08 07 .60 1838.88 Smyth. 

There ia little evidence <rf' any change in the poaition of the componenti. 

Cbphsi.— A. R. = 21 h. 26 m. 31 a. Dec, = + 600 51' OT, 
A fine double atar, on the left aide of the girdle. A 3, B 8, magnitude. 
Poa. 2610 00' Diat 13".07 E]^ 1843.16 Smyth. 

CAMELOPARDUS. 

The Camelopabd.' — This constellation was made 
by Hevelius out o{ the unformed stars which lay 
scattered between Perseus, Auriga, the head of Urea 
Major, and the Pole Steu*. It is situated directly 
N. of Auriga and the head of the Lynx, and occu- 
pies nearly all the space between these and the 
pole. It contains nearly 58 small stars; the five 
largest of which are only of the 4th magnitude. 
The principal star lies in the thigh, and is about 
20^ from Capella, in a northerly direction. It marks 
the northern boundary of the temperate zone ; being 
less than one degree S. of the Arctic circle. There 
are two other stare of the 4th magnitude near the 
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right knee> 12^ N. E. of the first mentioned. They 
may be known ' by their standing 1^ apart and 
alone. 

The other stars in this constellation are too 
email, and too much scattered to invite observation. 

TELESCOPIC OBJECTS. 

A Bright Plakbtabt Nbbula. — A. R. ss 03 b. 63 m. 29 a. 
Dec. 6(P 23' 05". On the flank of fhe Camelopaid. See map^ No. VL 
DiM»vered by Henchei, 1787. 

1 Camblopabdi.-— A. R = 04 h. 19 m. 23^. Dec. = -f- 530 33* 
OS". A double alar between the hind hoofe. A 7^, " white," B 8^, 
« blue.*' See map^ No. VL 

Pee. 3070 05' Diat. 10'M3 Epoch 1830.57 Struve. 

2 Camblopabdi^A. R. s 04 h. 27 m. 18 a. Dec. 530 09' 00^. 
A close double atar, near the preceding one, and between the hind hoofii. 
A 5^, yellow, B 7^, pale blue. See map, Na VI. 

Discovered by Stru^ and thito measured by him : 
Pos. 31 10 40' Diat r'.586 Epoch 1829.79. 



A DouBXB STABd— A. R = 04h. 56 m. 19a. Dec. =4- 79^ Oi' 
08". Over the lower part of the back of the Camelopard. A 5 j, B 9, 
magnitude. 

Pos. 3160 23" Diat ST'.Ol Epoch 1835.10 South. 
.349 01 38 JBO 1836.29 Smyth. 
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CHAPTER IV. 

DIRECTIONS FOR TRACING THE CONSTELLATIONS ON 

' MAP NO. XVIII. 

Saoittarius-^-Ths Archer. 

SouTusf Someskf^Thb Shield of SoBifiSKi^ 

Fbvorably situated for examnaiion in Jvly^ Avgustf 
and September. 

SAGITTARIUS. 

The Archer. — This is the ninth sign and the 
tenth constellation of the Zodiac. It is situated 
next east of Scorpio, with a mean declination of 
36^ S. or 12^ below the ecliptic. 

The sun enters this sign on the 22d of Novem- 
ber, but does not reach the om^^eQa/tan. before the 
7th of December. 

It occupies a considerable space in the southern 
hemisphere, and contains a number of subordinate, 
though very conspicuous stars. The whole num- 
ber of its visible stars is sixty-nine, including five 
of the 3d magnitude, and ten of the 4th. 

It may be readily distinguished by means of five 
stars of the 3d and 4th magnitudes, forming a figure 
resembling a little, short, straight-handled Dipper, 
turned nearly bottom upwards, with the hftndle to 
the west, familiarly called the MUk-Dipper, because 
it is partly in the Milky- Way. 

This little figure is so conspicuous that it cannot 

easilv be mistaken. It is situated about dS^ E. of 

An tares, and comes to the meridian a few minutes 

after Lyra, on the 17th of August. Of the four 

O 
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etars forming the bowl of the Dipper, the two tip* 
per ones are only 3° apart, and the lower ones 6°. 

The two nnaller stara'forming the handlOi and extending westwardly 
about 4^°, and the eautemmoat one in the bowl of* the, C^^, are aiJ 
of the 4th magnitude. The star in the erid of the handle, is marked 
Xy and ia placed in the bow of l^gittariua, just within the Milky Way. 
Lambda may otherwise be known by its being neai'ly in, a line with two 
othec stars about 4^° apart, extending towards the 8. E. It is also 
equidistant from f and /, with which it makss a handsome triangle, with 
the vertex in a. 'About d^ above a., and a little to the west, are two 
stars close together, in the end o( the bow, the brightest of which is of 
the 4th magnitude, and marked /u. Thia star serves to point out die 
winter solstice, being about 2^ Nordi of iks tn^ic of Caprioom, and 
less than oae degree east of the solstitial colure. 

If a line be drawn from ^ through f, am produced about 6^ fiirther 
to the west, it will point out /, and produced about 3^ from /; it will 
point out y; stars of the 3d magnitude, in the arrow. The latter is in 
the point of the arrow, and may be known by means of a small star 
just above it, on the right This star is so nearly on the same meridian 
with Btanin, in the head of Draco, that it culminates only two minutes 
after it. 

A few other conspicuous stars in this constellation, forming a variety 
of geometrical figures, may be easily traced from the map. 

TELESCOPIC OBJECTS. 

r 

A CLmrxiu— A. R. s 17 h. 65 m. 01 s. Dec. z^^^T* 3(K 6". 
Near the upper part of the bow of the Archer. It. is a coarse cluster of 
small stars* forming a circular figure. It is 2^° 8. E. of ju. Sagittarii. 
Discovered by Messier, 1764. 

fit SAOiTTAaii— A. R. = 18 h. 04 m. U s, Dec. — 21© 05' 7". 
A quadruple star on the north end of the Archer's bow. Registered as 
triple by tfie elder Herschel. Discovered to be quadruple by his son. 
A. 3^; B. 16 ; C. 9^ ; D. 10, magnitude. 
Pos. A B ^ 260O Dist 10"0") 

A C ==315 40. OC £stimatiDn& 

AD srll4 6 - 46. 03 

A Globular Ciustkr.— A. R. = 18 h. 14 m. 41 s. Dec —24° 
56' 9". Discovered by Messier, 1764. Resolved by Sir W. Herschel. 
It is not very bright, but constitutes a good test for space penetrating 
power. It is between the Head and Bow df the Archer, and is midway 
between /i Ophiuchi and^ Lyro. 

A Loosk Clustxb.^A. R. sb 18 h. 22^m. 14 a. Dec. — 190 IC 
2". Between the Archer's head and the shield of Sobeiski. <*The 
gathering portion of the group assumes an arched form, and is thickly 
strewn in the upper part ci the fields where a pretty knot of minuta 
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gfimmenn oocnj)«M the oent«r> with mnch stur dust •nmnd.*' It is fio 
N. K. of ^ Sag&taril 

A G10BU1.AB Clvstxb.— -A. R =s 18 h. 26 m. 26 i. Dec — 24^ 
01' 4". In the space between the heed end bow oCSegitterius, midway 
between u end r 8egittariL Drawn by Le Gentil in AogQst, 1774. 
Described by Meeder, 1764, ae a ** nebula without a etar.** - R^olvedlqr 
Bir W. Henchel, and estimated asof the 344th oider of distances. 

64 SAeiTTABii^A. R. s5 19 h. 81 m. 83 s. Dec — 160 29^ Kf\ 
A delicate triple stiir in &e space between the heads of Capricorn and 
the Archer. A 5^ ; B 8 ; C 16 ; magnitade. 

Discovered by 8ir John Herscbel 

^^ A n =" tS5 ^^ tn^iBstunated 1887.68 

A Pau Blvx Plahstamt Nkbula. — A. R ^ 19 h. 84 m. 66 s. 
Hec s= ~ 140 81' %". Between the beads of Capricorn and Sagitta* 
rius. Discoveied by % W. Herscbel, 1787. I examined this object 
7th July, 1847. It is a Uttle dongateid, very sharply illuminated, and 
well defined. There are several small stars in the field of view. The 
bhiish tint of the planetary nebula is well marked, and ofllers another 
point of analogy with the planets. Herschel and Neptune are marked 
by their blue tint, and indeed 1 am confident that Neptune was seen at 
the Cincinnati Observatory t. year before its discoVeiy. It was thought 
to be a planetary nebula, and was lost from the field of view by accident 
before its position was taken. But the region of space was well remem* 
bered, and the moment I saw the planet it looked fiuniliar. 

A Globular CLVsnm.'P-A.-R. ^ 19 h. 66 m. 88 s. Dec s=s ^^ 
220 22' 0^'. Between the left arm of Sagittarius and the head of Cap* 
rieom, 7^^ s. West of fi CapricomL Discovered by Mechain, 1780. 
Resolved by Herschel^ and located by him in the 734th order of distan- 
ces. It is a &int duster^ and only resolved with powerful instruments. 



8CUTHM 80BIE8KI. 

SoBiESKi's Shield. — A small constellation north of 
the Bow and Arrow of Sagittarius, only remarka* 
ble for its telescopic objects. 

TELESCOPIC OBJECTS. 

A Lavoi Nbbitla. — A. R. =5 18 h. 11 m. 23 s. Dec. = — 16^ 
16' 8". Just below Sobieski's Shield, discovered by Messier, 1764, and 
registered as a train of light without stars; Sir W. Herschel describes 
the object as follows : '* A wonderful extensive nebulosity of the milky 
kind. There are several stars visible, but ^hey can have no connection 
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with the nebaloaity, and are doubtleM belonging to our own system and 
are ecattered before it** HU son nys : *' I'He cMef pecutiarities which I 
have obwrred io it are, the raaoWable knot in me following portioq.of 
the right branch, which is in a considerable degree isolateid from the 
surrounding nebula, strongl/ suggestii^ the idea of an absorption of 
the nebulous matter ; and secondly, the much smaller and feebler knot 
•t the north preceding end of the same branch, where the nebula makes 
a sudden bend at an acute angle." I have examined this object with 
great attention, and do not find its appearance as figured in the Bedford 
Catalogue. We are not informed by the author, whether his drawing is 
original or copied. The horse shoe, or Greek Omega a shape given to 
it by Capt Smyth, disappears under th^ 13 inch re&Uitor. 

A Great CLrsTsn A. R. == 18 h. 09 m. 49 s,^ Dec. s= 18© 37'. 

Discovered by Messier, 1764, a rich and beautiful object in a dense 
portion of the Milky Way, northeast 7^^ from /u Hteglttarii. This object, 
although surrounded by a vast multitude of stars, seems to- be separate 
and distinct from them, and forming a universe of itself. There is a 
large star near the center, and two predominant ones in the north pre* 
ceding edge of the cluster. This cluster strikes with more astonishment^ 
as all its stars are distinct and comparatively huge. It is well shown 
by a telescope of moderate power. 

A FiH B Field of Stabs.^A. R. = 18 h. 09 m. 49 s. Dec — 180 
sr 05". Below the left base of the Shield of Sohieski, ia a rich pottioa 
of the Milky Way. 

Discovered by Messier, 1764t and described by him as «a mass of 
stars — a great nebulosity, of which the light is divided into several parts.** 
The object is readily resolved with powerful instruments. 

A TsLBsco^tc DovBxs Stah.— A. R. = 18 h. 07 m. 87 m. Dec. 
S53 -^ 190 65* 06". A 8i ; B 10 ; magnitude. 

Discovered by Sir John Herschel, and described ss being placed in u 
fidiit nebula, of an elliptical form, and 50'' in diameter. It may be found 
1 jo northeast t>f^ Sagitlarii* 

This Constellation was formed by Hevelius, and lies between Antinous 
and the Serpent's tail Having, no very bright stars, it is difficult to 
trace. A line dmwn from x in ^^ knee of Antinous, to j* in the left 
kiiee of Ophiuchns, passes through several small stars in the Shield. 
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DIRECTIONS FOR TRACINO THE 0ON8TELLATION ON 

« 

MAP NO. XIX. 

Hercules.. 

Favorably siiuaiedfor examjicUion in May^ Jwne and 
JvJIy, 

HERCULEB. 

Hercules is represented on t^ie map, invested 
with the skin of the NemsBan Lioh, holding a 
massy club in his right hand, and the three-headed 
dog Cerberus in his left. 

He occupies a large space in the northern hemis* 
phere, with one foot resting on the head of Draco, 
on the north, and his head nearly touching that of 
Ophiuchus, on the south, ^his constellation extends 
from 12^ to 50^ north declination, and its mean right 
ascension is 255^; consequently its center is on the 
meridian about the 21st of July. 

It is bounded by Draco on the north, Lyra 
on the east, Ophiuchus or the Serpent-Bearer on 
the south, and the Serpent and the Crown on the 
west. 

It contains one hundred and thirteen stars, inclu- 
ding one of the 2d, or of between the 2d and 8d 
magnitudes, nine of the 3d magnitude, and nine- 
teen of the 4th. . The principal star is Bos AlgetM^ 
marked a, is situated in the head, about 25^ south- 
east of Corona Borealis. It may be readily known 
by means of another bright star of equal magni- 
tude, d^ east, or southeast of it, called Ras Alhague. 
Ras Alhague marks the head of Ophiuchus, and 
Ras Algethi that of Hercules. These two. stars 
are always ^een together, like the bright pairs in 
Aries, Gemini, the Little Dog, &c. Tl^ey come to 
our meridian about the 28th of July, near where 
02 
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the sun does, the. Ia4it of April, or the middle of 
August. 

About midway betw«en.Ra8 Alj^thi on th^ southeast, and the Northern 
Crown on the northwest, may be seen /S and y, two stars of the 3d 
magnitude, situated in tba west fdioulder, about 3^ apart The north- 
ernmost of these two are called RuHUeua. 

Those four stars in the shape of a diamond, 8^ or 10^ southwest of 
the two in the dioulder of HoNSulea, arv situated in the head of the 
. 8erp6nt 

About l^ E. N. E. <j€ Rntilicus, and lO^o directly north of Ras 
Algethi, are two stars of the 4th 'magnitude, in the east shoulder. They 
may be known by two very minute stars a little above them on the left. 
The two stars in each shoulder of Hercules,, with RasAIgathi in the 
head| form a regular triangle. 

The left, of east arm of Hercules, which grasps the triple-headed 
monster Cerberus, may be traced by means of ^ree or four stars of the 
4th magnitude, situated in a row do and 4^ a^rt, extending from the 
shoulder, in a northeasterly direction. That sihaU cluster, situated in k 
triangular form, about 14^ northeast of Has Algethi, and 13^ eas^ 
floutheast, of the left shoulder, distinguish the head of Cerberus. 

Eighteen at 20O northeast of the Crown, are four stars of the 3d and 
4th magnitudes, marked ir, », (, i, formii^ an irregular square, of whick 
the two southern ones are about 4^ apart« and in a line 6^ or 7^ south 
of the two northern ones, which are nearly 70 apart 

Pi, in the northeast corner, may be known by means of one or twt> 
other small stars, close by it, on the east Et0,m Ihe Rorthwest comer, 
m^y be known by its being in a row with two smaller stars, extending 
towards the northwest, ana about 4^ apart The stars of the 4th mag- 
nitude, just south of the Dragon's head, point out the left foot and ancle 
of Hercules. . ' 

Several other stars, of the 3d and 4th magnitudes, may be traced out 
in this constellation, by reference to the map. , 

TELESCOPIC OBJECTS. 

D0UBI.E AND BiNABT Stabs. — Ras Alobthi ot « Hkrcults, A. R, 
3= 17 h. 07 m. 21 s. Dec. = -)- 140 34' 05". A beautiful double star 
on the head of Hercules. Dist = 4".6. Poe. II80 08'. The compo- 
nents are of the magnitudes 3^ .and 5^, the largest star orange, the 
smaller one greenish. There is no reason to believe that these stars are 
physically united, although the opinion seems to have prevailed among 
astronomers that such a uni<m would be found to exist among all the 
eolered double stan. 

Poa.U70 36' Dist 4". 93 Ep. 1847.62 MitcheL 

y Hbbcttlis.— A. R.,= 16 h. 14 m. 68 s. Dec s^ igo 33' qO^ 
A course double star on the left arm. Dist 38".7. Pos. 242^ 03^. A 
3^ white, B 10 lilac. No change in distance or position has been 
detected, except what may be imputed to errors of observation. 
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/ HxitcbLis.— A. R. = 16 h. 35 m. 16 s. ^Dec =t 4- 31© 63' 67". 
A close binary star, over the left hip. A 3d magnitude, B 6 magnitude. 

Discovered by Sir W, Henchel, July, 1782, 

The com{)anion was subsequently miBsed by the discoverer, as he 
believed, in consequence of its being hid by the larger star. He makes 
the following remal'k, the interest of which is gready enhanced by sub- 
sequent discoveries : " My observations of this star furnish us with a 
phenomenon which is new in astronomy; it is the occu&cUion of one star 
Oy another. This epoch, whatever be the cause of it, will be equally 
remarkable, whether owing \o solar parallax, proper motion, or motion in 
an orbit, whose plai)e is nearly coincident with the visual ray. 

The star was seen single, up to 1826, when a few measures were made 
hy Strdve. It again became single in 1828, and so continued up to 1832, 
snce which time its double character has been followed. In 1842 the 
distance had increased to 1 .177, according to Madler, who computed 
the elements of the orbit of this swiftly revolving binary i^stem. Its 
periodic time is about 31 yeari. On the evening of the 15th of Sept., 
1847, the following measures were made with the Cincinnati Refractor. 

Pos. 10»o la* DisL 1".078 

» HsacuLiB.— /^. R. s= 16 h. 87 m. 26 s. Dec. a=r.|- 89o 13" 08", 
an exceedingly close double star, on the left thigh. 

Discovered by Struve, 1827, and ranked among his closest objects. 

It became single, and few iif any reliable measures have since been 
obtained. It has been many times attentively examined 1^ myself, and 
especially on the evening of the 27th July, 1847, when a power of 1200 
W'cis employed. My assistant and myself agreed that the star Was slightly 
elongated nearly along the parallel, but it was very uncertain. 

i HsRCuiis.— A. R. =17 h. 08 m. 28 s. Dec -|- 25© 01' 09". A 
presumed binary star, on the right shoulder. A 4. B 8} magnitudC| 
OD the following evidence : 

Pofc = 162^ 28' Dis. 33".76 Ep. 1779.61 Herschel. 

« 173 42 « 26 .11 «' 1829.77 Struve, 

" 176 01 ' «• 24 .06 " 1839.62 Smyth., 

Other double stars will be found by an examination of the star map. 

Among them » on the left elbow, ^ on the right thigh, k on the right 

arm, and ^ in the bend of the left arm, are the brightest. 

Gbsat Cluster.— a. R.=:15 h. 36 m. 58 s. Dec. = + 36f 46' 08". 
8|^ from « Hercutis, and on the line joining « with ^. 

This object was discovered by Halley'in 1714, and was described as 
a'« little petch of light.*' 

It was reexamined by Messier in 1764, but its true character was still 
imievealed. Messier was uncertain whether uny »tar was within the 
nebula. Under the power of 8ir William Herschel's great reflector, 
due object, so faintly seen by Messier, burst into ten thousand stars. It 
is certainly one of the most magnificent objectB in the heavens, and is 
aearcely ever seen for the first time without exclamations of astonish- 
ment The drawing will be found td agree with the following descrif^ 
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tioD, written while the object was under the eye, on the evening ot 13th 
July, 1847, in the Cincinnati Observatory. 

** A brilliant cluster, nearly globular. A spur of bngbt stars ruiis off 
to the left, tenranating in a sharp {xnnt. Then follows in going round 
the center, from north to east, a dark space ; at 90^ from the first spur or 
ray, another is seen less perfectly formed, and more broken at the 
extremity, containing a pair of double stars near the end. The next 
90® pretty well filled with stars out to the circumference, passing throuj^h 
the extremities of the radiations of stars. Then another imperfectly 
formed spur' of stars, containing a pair of double stars midway between 
the center and the extremity of the spur. The siwce next following 
rather vacant, especially near the double star ; then follows a bent radia- 
tion of bright stars curving to the right, and causing the upper part of 
.the cluster to assume a flattened figure." 

This is doubtless one of the many magnificent '' island universes,^ 
recently revealed by the great instruments of modem times. In 1716 
it constituted one of six known nebula. In 17G6. the number had 
increased to 108, and is now above 3,000 ! The, clustering of suns at 
the center of this grand astral system, is greater than is fairly attributable 
to the (^cal effect in piercing by the visual ray through a globular 
duster of equally distributed stars. There seems to bt' a condensing 
power, which has exerted itself to draw the centr&l suns into doeer 
proximity. 

A Globulah Clustxr.-— a. R. 17 h. 12 m* 14 s. Dec. = -|- 
43® 18'. Ol^o northeast of « Herculis. 

Discovered by Messier in 1781, ^nd seen by him as a nebula without 
atars. 

With fine instruments it proves to be a brilliknt object, some 7' or 8* 
in diameter, surrounded with many straggling stars. A group of brighter 
atars forms an inverted figure six around and above the nucleus (^ tiie 
eliister. It is of the same character as the preceding object, but is less 
extensive, and probably much more remote. Both these clusters may 
be resolved with a 4 inch glass, and a power of 100 to 200 times. Thej 
form fine objects for examination. 

A Fiirx Plakktart Nebula^-t-A. R. == 16 h. 4?m. 23 a. Dec 
s= -j- 47° 49'. 4° east by north from t Herculis. 

Discovered fn May, 1787. . 

It is a large, round, pale blue nebula, and has been mistaken for a 
eomet. The size of these objects, in case we regard them as remote u 
the fixed stars, must be vast beyond comprehension. If an object having 
a diameter of 95 millions of miles, can only be seen as a mere point ci 
light, what must be the actual dimensions of these planetary nebuke, 
presenting as they do, in many instances, measurable diameters of fi*om 
Od" to 20". Such stupendous' globes favor the idea that these are vast 
collections of nebulous matter, slowly condensing under the ()ower of 
tbie attraction of gravitation. Such objects as the one now under exam- 
ination, may present an appearance like that presented by our own sun, 
*"hen, according to the nebulous tbjBoiy, its expanded dimensiona 
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otibvmoed tlie gnnd ciicuinfeleBee of the <irbh of Ncptone* T examined 
the object on the 1ft of Aaguft, ooder very ikv«rafale cirDunMiuicMh 
'J'he (lisk-Ulie character which uiuallj ie aeen od planetary nebula, ia 
not well defined on thia object Indeed \here ia ao much nebulous base 
earroonding the mtcleua, that ita appearance ia Teiy like a distant 
duster. The haie fulea awi^ fagr de g iii from the miclMa, and ia finally 
loet. 

There are three 7th magnitude atara in the field of view. The nfbula 
is some T' or 8" in diameter. 

A Small Plawvtakt NsbuiiA.-.-A. R^rslfi h.87m.46a. Dee. 
=r -f. 240 O.V. Thia object ia bright and well defined. I examiried il 
cloaely on the ^at of Auguat, 1847. Its disk ia about 8" in diamcter» 
atid a little elongated in one (brectioD. 

Discovered by @trUve. 



DIBECnONB FOR TRACING THE CONSTELLATIONS ON 

MAP NO. XX. 

Cyghus— ^The Swav. 
Lyra — The Harp. 
Lacerta — ^The Lizard. 

Favorably sUvjoUd far examinaiion in- August^ Sep- 
tember and October, 

CYONU8. 

I 

The SwANt — This remarkable constellation is 
situated in the Milky Way, directly east of Lyra, 
and nearly on the same meridian with the Dolphin. 
It is represented on outspread wings, flying down 
the Milky Way, towards the southwest. 

The principal stars which mark the wings, the 
body and the bill o{ Cygnus, are so arranged, as to 
form a large and regular Cross ; the upright piece 
lying along the Milky Way from northeast to south- 
west, while the cross piece, representing the wings, 
crosses the other at right angles, from southeast to 
northwest. 
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Aridedi or DenA Cfgid^ mwrked a, in the body 
of the Swan, in a star of the 2d magnitude, 24^ 
east-northeast of Lyra, and 30° directly north of 
the Dolphin. It is the mo^t brilliant star in the 
constellation, and is situated at the upper end of 
the cross, and comes to the meridian at 9 o'clock, 
on th6 16th of September. 

. iSnf r» marked )^ k a star of the 3d magnhttde, 6^ southwest of 
Deneb, ntuated exactly in the croH, or where the upright piece inter- 
wcte the craaa piece, aAd ia about 3(K> east of Lyra. 

DdUh the priodpal atar in the west wing, or arm of the crosa, is 
situated norchweet of Sad'r, at the distance ^ little more than 8^, and 
is of the 4th magnitude. Beyond / towards the extremity of the wing 
are two smaller stars about 5^ apart, and indiniiig a little obliquely to 
the north \ the last of which reaches nearly to the fiirit coil of Dracow 
These stars mark the west wing ; the east wing may be traced fay means 
of stars veiy similarly situated. 

Gienak^ marked i, is a star of the 4th magnitude, in the east wing, 
just as fiur east of Sad*r in the center of the cross, as / is west of it 
Tliis row of three equal stars, l, y, and i, finrm the bar of the cross, and 
are equidistant from each other, being about 8^ apart. Beyond i on the 
esst, at the distance of 6^ or 7^ there are two other stars/ one of the 3d» 
the other 'of the 4th magnitude ; the last of which mark^ the extremity of 
the eastern wing. 

The stars in the neck are all too small to be noticed. There is <Hie, 
however, in the beak of the Swan, at the foot of the cross, called Albireo^ 
marked fi, which is of the 3d magnitude, and can be seen very plainly. 
It is about 16P southwest of Sad'r, and about the same distance south- 
east of Lyra, with which it makes nearly a right angle. 

** k) the small space between Sad'r and Albireo/' says Dr. Herachel, 
'* the stars in the Milky Way seem to be clustering into two separata 
divisions ; each division containing more than one hundred and tixty^ 
Jive thousand tkav" , 

Albireo bears northerly from Altair about 20^. Immediately south 
and southeast of Albireo, may be seen the >Fox and Goose-: JBtnd about 
midway between Albireo and Altair, there may be traced a line of four 
or five minute stars, called the Aaaow ; the head of which is on the 
southwest, and can be disUnguished by means of two stars equated close 
together. 

According to the British catalogue, this constellation contains eighty- 
one stars, inclndiog one of the 1st and Sid magnitude, six of the dd, and 
12 of the 4th. 

TELBSOOPiC OBJECTS. 

^ CTOif I —A. R. = 19 h. 24 m. 16 s. Dec. + 27° 37' OT'. A 
latge and brilliant colored double star on the bill of the 8 wan, I3^o 
southeast of Vega, or <t Lyrs. A 3, B 7, magnitude. The principal 
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star is orange, while the companion is a. blue, preMnttng a fine eontraf4 
in color. Bradley meaaored Uie components in 1756,fince which no 
sensible change has occurred. 

Poe. 67© 34' Ks. 34".80 Epoch 1756.00 

The best position u 54^ 40", as about a mean between those qf^ 
Herachel, Piazzi, StruTe, South, Dawes, and Smyth, none of whom 
differ from the others in their results by a whole degree. This star 
forms one of a group of five in the shape of a cross, and point out the 
body of the Swan. They may readily be found oh the map ; /3 is at 
the extremity of the longer part of the principal piece in the cross. 

/ €t»hi.->A. R. =r 19 h. 89i m. 68. Dec. + 44© 44' 06". A 
delicate double star in the middle of the left wing of the Swan, preceding 
« Cygni by Id©, and on the same paralleL A 3}, pale yellow, B 9, 
sea-green. 

Disooventd by Herschel, who made these measutes. 

Pds. 71039^ Dist.2".60 Epoch 1783.82. 

This star has oocasioiied no littte difficulty, in consequence of the dis- 
appearance 4^f the small companion during the years from 1802 up to 
1823. Since that time it has been regularly followed. HerBchel^s 
distance seems to have been in error, as the following measures 
w ill shi^w * 

Pos. 4CK:>d9' Dis. r'.9l Epoch 1826US6 dtruve, 
»« 36 42 «• I .67 « 1831.73 *« 

•< 31 58 •» I .80 •* 1836.52 " , - 

Madler thinks the stars may perferm a verolution About thehr common 
center of gravity in about 576 years of our time. 

^ f :j»oirr.— A. R. = 19 h. 40 m. 21 s. Dec. 4- 830 21' Of. A fine 
double star on die Swanks neck, 7|o distant from ^ iii a north^nortbr 
east direction. A 6 mag., B. 9, pale blue. ^. 

Discovered by Herschel, in 1781. 

Since good measures have been obtained, no reliable change in d» 
tance pr position has been perceived. 

Pos. 720 88*06" Dis. 26''.821 Epoch 1841.49 Madler. ' 

4 CTsirr.p-A. R. ss 19 h. 61 m. 80 s. Dec -)-- 63O|0r. a doUUe 
star, between the tip of the Swan*s preceding wing and the tall. A 6^, 
blight white, B 8, lilac. 

Poe. 1840 02' Dis. 8''.06 Epoch 1837.63 Smyth. 

fio change has been perceived iii this beautiful set of stafs. 

X Ctoiti.— A. R. s 20 h. 41 m. 1 1 s. Dec. -)- 369 54' 03", a clos^ 
double star, on the Swan's lower or right wing, 50 south-east ^ y Cyg* 
ni« A 6, B 6 mag. 

Pos. IdOOOO' Dis. 0^.07 Epoch 1843.71 Struve.. 

61 Ctomi.— A. R. = 20 h. 69 m. 43 s. Dec. + 370 68'. A bini»* 
ry star, on &e inner tip of the Swan's rig^t wing. A 6^, B .6 magni> 
tude, both yellow. This system clusters round it mora of interest than 
any other in the heavens. Its fainaiy character, the swiftness of its 
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'proper naotbn, the determination of its annual paraUax and distance, the 
oomfiutation of ita'mam, and ita influence on' Madler*8 wonderfy I. theory 
of the Central Sun^ aO combine to make it an object of great impor- 
tance. Piaai wae the first to announce the rapid and equable proper 
motion of the components of this system, amquntmg to 5''.02, in A. R. 
and 3".03 in declination. ~^With such a proper motion, and the approxi- 
liiale distance first obtained by MM. Arago and Mathieu, it is easily de- 
monstrated that these two sons are sweeping through i^ce with such an 
amazing 'velocity that it exceeds the swiftness of Mercury 60,000 times. 
Even this astounding result Was subsequently found to &U fiir below the 
truth. After taiounting the great Heliometer of the Koningsburgh Obserw 
Tatofy,.M. Bessel determioed to examine this double star, with a view to 
the exact determination of its annual parallax. Afbr a kmg seriea of 
elaborate and delicate observations, his efforts were crpwned w& success, 
and in 1838 he writes to Sir John F. W. Herschel, as follows: 

"T selected among the stars which surround 61 Cygni, two between 
the 9th and 10th' magnitudes, of which one (a) is nearly ^pecpendicuhkr 
to the line joining the two stars» and the oUier nearly in the directioa 
of this line. I have measured the distances of these stars from the 
point which bisects the same diJBtahce between the two stars of 61 
Cygni. t have commonly repeated the observation ^teen timea every 
night" 

From theiB observations, it was discovered that the central point be- 
tween the con^ponents of 61 did not remain at the same distance from 
the stars of reference, but was more than 0".6 further from the star (a) 
in summer than in winter. After proper reduction, the parallax was 
.feond to be 0^'.3136, with reference to which we record Bessel's remarks, 
in the following language: 

«As the mean error of the annual parallax x»f 61 Cygni is pnly d= 
0".0202, aind copsequepUy not one-6fteenth of its computed value^ and 
as these comparisons show that the progress of the influence of the par- 
allax, which the observations indicates, follows the theory as nearly as 
can be expected, considering its smallness, we can , no .longer doubt 
that this parallax is sensib||B. Assuming it (T 3136, we find the distance 
of the star 61 Cygai from the sun 657,700 times the mean distance of 
the earth from the sun. Light employs 10.3 years to traverse the dis- 
tance. As the annual prop^ motion of 61 Cygni amounts to 6". 123 
of a great drcle, the relative motion of this star and the sun must be 
considerably mors than sixteen semi-diameters of the earth's prbit, and 
the star must have a constant of aberration of more than 63''. When We 
shall have succeeded ui determining the elements of the motion of both 
the stars forming the double star round their common center of gravity, 
we shall be i^ to determine the sum of their masses. I have attentively 
considered thf pieosding obssrvatione of the relative positions, but 1 con- 
sider them as yet very inadequate to afford the elements of the orbit. 
I consider them only sufficient to show that the annual angular motion 
is somewhere about two-thirds of one degree ; and that the distance at 
the beginning of thia century had a minimum of about 16". We are 
enabled, hence, to condode that the time of a revolution is more than 
540 yean, and that the semi-major axis of the orbit is seen under an 
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•Qgie of more than 15" of space. If, however, we proceed fiom ttwae 
numbers, which are merely limiu, we find the iua of the masees of 
both etars lees than half ihe aun's raaaa." 

Theae extfaordinary details bad already rendered thia atar of extreme 
interest, when M. Mtidler publislied to the world' hia great theory of the 
Central Sun, and refera to the rapid annual proper motion of 61 Oygni, 
as one of the results dedudble from hia theory ; and further employs its 
parallax and distance in estimating the distance to Alcyone, in the Plei- 
ades, the star fixed upon as the present center of our Astral system. 

Pos. daoos' Die. IG''^ Epoch 1839.69 Smyth. 
" 101 02 *• 17.8 •» 1747.60 Mitchel. 

Other double and mul|ip^ stars will be found upon, the chaarta. 

A Cumious Nebvla.-^A. R. =s 19 h. 40 m. 86 s. Dec -{- SQO 
07' 06''. It is thus described in the Bedford catalogue : 

** A very ebigular object. In my telescope it is email, and somewhat 
resembles a star out of focus ; but both the Herschels agree, on viewing 
it through their powerful instruments, that it appean to constitute a con- 
necting link between the planetary nebula and the nebuloua atan. It 
was discovered 9eptf>mber, 1798.^* 

I have repeatedly examined this remarkable object with a 13 inch aper- 
ture. Its diameter is about 6" or 6'', and when the gaxe is attentively 
fixed upon the center, the nebulous matter gmdually fadei fiwn the 
rightt and a ekarj bright, round star it seen in the center. This star 
diows no radiatioBs, such as usually accompany stars viewed with the 
full opening, but has a clean little disk, anch as the telescope shows on 
other Stan with a reduoed aperture, under the most fiivorable circum- 
stances. By throwing off the eye from the center, and looking careless* 
ly ovw the field of view, the nebula returns in all its beauty, and the 
central star is no longer seen. This is, doubtless, optical^ yet it is not 
Cttslly explicable. That the &int nebula should be better seen out of the 
axis of vision, is easily understood, but this should be true, also, of the 
central star, and when the nebula brightens up under the eye, the star 
should increase in brilliancy in the like proportion. 

In case we abandon the nebular hypothesis, this object, and one or two 
others of like character, become utterly inexplicable. If we say that each 
particle of nebulous light is a sun or star, and that the mass of hazy light, 
so uniform in its brightness, is but the clustering of millions of suns in 
a fiat annulus, how stupendous must be the size of that lucid point 
which occupies the center of thia wonderful object, and is so distinctly 
revealed by the telescope 1 The old idea of a mighty predominant cen- 
tral globe would, on such an hypothesis, seem to be well founded, for it 
would require millions of nebulous points to constitute a blaze of Ught 
equal to this central star. This object is found on the tip of the prt- 
ceding wing of the Swan, and 6}^ north of / Cygni. 

A liOpss Small OLvarxB. — A. It ss 30 b. 18 m. 17 a. Dec. -f- 
S70 69' 09". 

Discovered by Messier, 1764. 

Near the root of the Swan's neck I counted but twenty stars in the 
Ml or view, July, 1847, and theae were much scatlkred. 
F 
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A SwALt Cluitsk, or Rich Fisid.^-A. R =r 21 h. 26 m. 29 a. 
Dec. 4* 470 43^ 09". R i» between the Swan's tail and the Lizard. 

Many other clusters and nebuto will be found on the chart, from 
which their ptaeee in the heftvene may be readily found. 



LTRA. 

The Harp. — ^This constellation is distinguished b}'- 
one of the most brilliant stars in the northern hem- 
isphere. It. is situated directly south of the first 
coil of Draco, between the Swan, on the east, and 
Hercules, on the west ; and, when on the meridian, 
is almost directly overhead. 

It contains twenty-one stars, including one of 
the 1st magnitude, two of the 3d, and as many of 
the 4th. 

** There Lyra, for the brigfalnese of her stars, 
More than their number^ eminent ; thrice seven 
She counts, and one of these illamtnates 
The heavens for round, blazing imperial, 
In the fint order**' 

This star, of " the first order, blazing with impe- 
rial " luster, is called Vega, marked o, and sometimes 
Wega ; but more frequently it is called X^ra, after 
the name of the constellation. 

There is no possibility of mistaking this star for 
any other. It is situated ]4f^ S. £. of y Draconia. 
It may be certainly known by means of two 
small, yet conspicuous stars, of the 5th and 6th 
magnitude, situated about 2^ apart,.on the east of 
it, and making with it a beautiful little triangle, 
with the angular point at Lyra. 

. The northernmost of these two small stars ia marked i, and the aouth- 
em one, ^. About 2P S. E. of (, and in a line with Lyra, is a star of 
the 4th magnitude, marked /. in the middle of the Harp; and 40 or 5^ 
8. of /, are two,8tara of the, 3d magnitude, about 2° apart, in the garland 
of the Harp, forming, another tnangte, whose vertex ia in ^, Ttyp aUr 
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on the east is marked y ; that on the west /^ If a tine be drawn from 
y Braconis through Lyra, and produced 6^ Either, it will reach /8. 

This is a variable star, changing from the 3d to nearly the 6th magr\i- 
tade in the 8]>ace of a week. It is supposed to have spots on its surface 
and to turn on ils axis, like our sun. 

Gamma comes to the meridian 21 minutes after Lyra, and precisely 
at the same moment with f, in the tail of the Eagle, 1 7^0 g. of it. 

The declination of Lyra is about 38f^ N.; conse- 
quently, when on the meridian, it is but 2° S. of the 
zenith of Hartford. It culminates at 9 o'clock, 
about the 13th of August. It is as favorably situ . 
ated to an observatory at Washington, as Rastabea 
is to those in the vicinity of London. 

Its surpassing brightness has attracted the at- 
tention of astronomers in all ages. Manlius, 
who wrote iii the age of Augustus, thus alludes 
to it: 

** Oki, placed in front above the rest, displavs 
A vigorous light, and darts surprising rays.' 

Astronomieonf B. i, p. 16. 



TELESCOPIC OBJECTS. 

VsoA, OB «e Ltra.— A. R. = 18 h. 31 m. 30 s. Bee. = -|- 38^ 
SS" 01", the most brilliant star in the northern hemisphere, attended by a 
companion of the tlth magnitude, distant 43". 

Pos. UO"* Epoch 1843 

There is no reason to believe that the relation between these two stars 
18 other than optical. The proper motion of Vega occasions a change in 
the distance and angle of position of the small companion. Many ef- 
forts have been made to obtain the annual parallax of this star. In 
1836, M. Struve concluded the value of the parallax to be O'MS.'), with 
a probable error of 0^.055. This result yields a distance of one and a 
half millions of times the semidiameter of the earth's orbit The ap- 
peatarice of tt Lyne in large telescopes is truly magnificent Before the 
star enters the field of view, its coming is announced by a dawn of light 
like that of the early morning, which grows brighter and brighter, until 
the star, like the sun, enters the field, with a brilliancy which the eye 
can scarcely bear. By artificial occultation, at the Cincinnati Observa- 
toiy, no less than sixteen minute stars have been 4XHinted within the 
limits of this dawn surrounding Vega. 

By the revolution of the pole of the equator around the pole of the 
ecliptic, in about 10,000 yeafs this briUiant object will become the pole 
§tar. 
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Th« ftupendoas distance d[ Vega, as roughlj aacertaineS by 8triiTe» 
gave lue to his ingenious theory as to the probable relative podtions of 
^e stars of diffi^rent magnitudes. He considered tlie stars of the firtit 
magnitude distant about two millions of times the radius of the earth's 
orbit, those of the 6th magnitude sixteen millions, those of the 12th 
tixty millions of times the same unit \ 

. /g Ltrjb.— A. it = 18© 44' U9". Dec -f 33® KKOS", a coarse, 
quadruple stiur. Of the three components, A is of the Sd, B of the 8tb, 
C of the 8^th, and D of the 9th magnitude, 'i'his star is ranked amoog 
the variable ones, and has a peritid of 6 days, 10 hours, 35 minutes, 
changing from the dd to the 6th magnitude. 

I AND 6 LTajB.^A. R. = 18 h. 39 m. 02 s. Dec. = ^ 39^ 30* 
03", a double star. One of the most remarkable objects in the heavens, 
A of the 6th, B of the O^th magnitude. The following meosores show 
a retrograde motion. 

f Ltsji. a B 
Poe. 3^ 66' Dis. 3".44 Epoch n79.83 HerscheL 
26 06 3 .03 1831.44 StrAve. 

20 26 2 .46 1847.60 MitcheL 

6 liTMJS. O D 

Poe. 1730 28' Dii«. 3".ft0 Epoch 1779.83 HeracfaeL 
156 10 2 .57 1831.44 Struve. 

149 10 2 .66 1847.60 Mitchel. 

There is strong evidence that each of these sets is binary. A revolv> 
ing about B in about 2000 yean, whik C and D oomplele their revolu- 
tion in about half that period. 

From the equality of proper motions in the four stars, it is inferred 
that a physical union may exist among the two pairs, in which case the 
one pair will perform a revolution about the .other in about one miliioa 
(^ years ! 

This star is 1}^ northeast of Lyre, and may be readily divided into 
two stara with the smallest optical power. The quadruple character is 
made out with a power of 150 or 200. Several minute points of light 
are seen between the pairs. 

( Lte».— A. R. =18 h. 39 m. 16 s. Dec. + 37© 26' 06", a coarse 
double star. A 6th, B 6ith magnitude. 
Pos. 249« 06' Dis. 43".08 

V Ltka.— A. R- 18 h. 43 m. 48 s. Dec -|- 32"^ 38' 0", a coarse 
quadruple star, just south of fl, easily divided; 

r LTKJi.^A. R. 19 h. 08 nv 18 8. Dec = 4- 28^ 62' 06", a fine 
double star ; components of the magnitudes 6 ana 9. 
Pos. 84<' 08' DU. =38".3 



A Fiirs Glvstkr or Hmlll Stau^^A. R.3ss lOh. 10 m. 19 s. 

- ^ -J- 290 64' 02". 
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DifCOTered by Messier, 1778, but seen by him as a &iiit nebula. 

Ri>8olvcd by 8ir William Herachel in 1784, and located in the 844th 
order of distances. There is a great clustering about the center, and a 
rich profusion of stars in the field of view. It may be found on a line 
joining ^ Lyrs with fi Cygni, about f^^ from the first star. This object 
is one of the many inagnificent astral systems, which are scattered so 
protusety through the boundless regions of space. Its light re<|uires 
more than a thousand years to reaeb our system. 

Thx AirvuLAB NBBUI.A — A. R. = 18 h. 47 m. 87 s. Dec. :^ -|- 
82® 50', midway between H and y on the cross-piece of the Lyre. 

This wooderihl object was first noted by Darquier, in 1779, as a dim 
planetary disk. 

On eiamination by Sir WUUam Heitehel, it proved to be in the form 
Q^ a perforated ring or annulus. With powerful instruments the dark 
interior is seen filled with fiiint gauzy light. The figure is not exactly 
circular, the diameten being in about the ratio of 4 and 6. Many 
persons have declared their oonvicti<m that they saw the minute stars 
which it is believed compose this singular object. I have never been 
able to satisfy myself that it has been fairly resolved. Lord Rosse's 
great teleseope has changed its figure slightly, by finding srauU fiJanients 
of light, extending within and without the ring, in the direction of the 
larger axia Herschel estimates the profundity of this object to be of the 
950th order. Such an amazing distance absolutely overwhelms the 
imagination. A thousand times the distance of the nearest fixed stars ; 
Its magnitude must be immense, as its diameter is some 5" or 6", even 
when^^een at such an immeasurable distance. 

It requires a 4 or 5 inch lefiractor to yield its figure distinctly *4> 
the eye. 

It is visible in smaller instruments, but would be mistaken for a star, 
by any other than a practiced eye. 



p2 
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DIRECTIONS FOR TRACING THE CONSTELLATIONS ON 

MAP NO. XXI. 

AauiLA ET Antinous — The Eaqle and Amtinous* 
DELPbiNUS — The Dolphin. 
Taurus Poniatowski — Poniatowski's Bull. 
Anser et Vulpeoula— The Fox and Goose. 

'FavoraHy situated Jbr examination in Avgusty Sep* 
tembery and October* 

AQUILA et ANTIN0U8. 

The Eagle and Antinous. — This double con- 
Btellation is situated directly nouth of the Fox 
and Goose, and between Tauruis Poniatowski on 
the west, and the Dolphin on the east. It contains 
seventy-one stars, including one of the 1st magni* 
tude, nine of the 3d, and seven of the 4th. It may 
be readily distinguished by the position and supe- 
rior brilliancy of its principal star. 

Altair, marked a, the principal star in the Eagle, 
is of the 1st, or between the 1st and 2d magnitudes. 
It is situated about 14^ southwest of Dolphin. It 
may be known by its being the largest and middle 
one of the three bright stars which are arranged 
in a line bearing northwest and southeast. The 
stars on each side of Altair are of the 3d magni- 
tude, and distant from it about 2^. This row of 
stars very much resembles that in the guards of the 
Lesser Bear. 

Altair is one of the stars from which the moon's 
distance is taken for computing longitude at sea. 
Its mean declination is nearly 8^^ north, and when 
on the meridian, it occupies nearly the same place 
in the heavens that the sun does stt noon on the 
12th day of April. It culminates about 6 minutes 
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before 9 o'clock, on the last day of August. It rises 
acrxmycally about the beginniing of June. 

Ovid alludes to the rining of thif constellation ; or, nrare properly, to 
that of the principal star, Altair: — 

" Now view the skies, 

And you'U behold Jove*8 hook*d-biU bird arise." 

MoMey'a Fasti, 
• ■ " Among thy splendid group 
Oiri dubious whether of the skconii rank, 
Or to the first entitled ; but whose claim 
Seems to deserve the first." Eudoaia, 

The northemmoet star in the line, next above Altair, is called 
Tarazedy marked y. In the wing of the Eagle, there is another row 
compossed of three sUrs, situated 4^ or .50 apart, extending down 
towards the southwest, the middle one in this line is the smallest, 
being only of the 4th magnitude, marked fjt ; the next is of the 4th mag- 
nitude, marked Delta, and situated S^ southwest of Altair. 

As you proceed from A there is another line of three stars, of the 4th 
magnitude, between 5® and ft^ apart, extending southerly, but curving a 
little to the west, which mark the youth Antinous. The northern wing 
of the Eagle is not distinguished bf any conspicuous stars. 

Zeta c^ the 3d magnitude, and EpsUon of the 4th magnitude, are 
near the top of the left wing. 

From t to 6, in ihe wrist of Antinoiis, may be traced a long Kne 
of stars, chiefly of the 3d magnitude, whose letter names are 6, «, /a, f, 
and i. The direction of this line is from southeast to northwest, and 
its Ipnofth is about ?5C. 

Eta is remarkable for its changeable appearance. Its greatest bright- 
nefls continues but 40 hours; it then gradually diminishes for 66 hours, 
when its lu«U'r remains stationary for 30 hours, (t then waxes brighter 
and brif^hfer. nntil it appears again as a star of the 3d magnitude. 

From these phenomena, it is inferred that it not only has spots on ita 
surface, like our sun, but that it also turn^ on its axis. 

Similar phenomena are observed in Algol, /8, in the Hare, /, id 
Cepheus, and o, in the Whale, and many others. 

** Aquila the next. 

Divides the ether with her ardent wing ; 
Beneath the Swarif nor far from Pegastu, 
PoBTic Eaols.'* 

TELESCOPIC OBJECTS. 

A FiifR Ulusteh.— A.R.=18 h. 42 m. 32. Dec. 6© 27' 02". U 
(neeedes the left foot of Antinous, and is on the Shield of SobietriLi. 

Discovered by Kirch in 1681, and described as" a small obscure spot 
with a star riiining through.*' 

It was resolved by Dr. Durham in 1733. This was one of the six 
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clniten or nebuls described by Halley in 1716, who ventuied to prpdirt 
that more would be' found. This object is figured in the Bedford Cata- 
logue, but IB very different from that presented in this volume. 

* 

A Triple Star.— A. R. == 18 h. 54 m. 31 s. Dec — 0© 56' 
09". Known to Piazzi as double, subdivided by Strilve. A 9, J3 9, C 
16, magnitude. 

B C 76 I .676 1847.60 Mitcbei. 

The object .may be found between the Eagle's wing and the left heel 
of Antinous. 

A Tripli Star.— a. R. =19 h. 28 m. 01 s. Dee. = — IQO 46' 
08". On the right knee of Antinous. A 9, B 10, C 12, magnitudes. 
Pos. A B 3380 04' Dis. 3".02 Epoch/ 1836.58 Smyth. 
A C 163 05 8 .00 « « 

A B 319 04 2 .54 1847.60 Mitchel. 

169 17 
Some suspicion exists with reference to the possible binary character 
of the set. 

A Double ^tar.^A. R. — 18 h. 57 m. 69 s. Dec. -}- 6® 18' 08", 
on the edge of the Eagle's wing. A 7^, B 9 magnitude. 

Poe. 154© 38' Dis. 10".l33 Epoch 1831.70 Struve. 
^ 152 28 « 9^92 •* 1847.66 MitcheL 

A Small aku Looss Cluster. — A. R. 19 h. 08 m. 36 s* Dec. -^ 
]o ir 09", between the lower wing of the Eagle and the thigh of An- 
tinous, consbting of fifteen or twenty stars, with indications of star^nSuM. 
Examined 16th July, 1847. 

A Stellar Nebula.— A. R. = 19 h. 2;) m. 66 s. Dec. -{- 8*' 64' 
01", on the Eagle's back, 50 east of Altair, or « Aquils. 

Discovered by Sir W. Herschel, and estimated at the 900th order of 
distances. Examined on the 16th July, 1847. 

The object is very small, brightening at a vertex, and running off in 
the shape of a fan. Several stars in the field ; a bright one shove, and 
one below the nebula. • Sir John Herschel says, ** It is like a nebula well 
resolved, and is a curious object" 

A Deltcats Double Star. — A. R. = 19 h. 36 m. 02 s. Dec. =s 
80 00' 05", on the Eagle's back, 2° east of Altair, and a little south of 
the parallel. A 7^, B 9i^ magnitude. 

Pos. 2620 32' Dis. 32".i2 Epoch 1825..52 StrQve. 

«• AauiLA.— A. R. SB 19 h. 41 ro. 10 s. Dec =s 4. I lo 26' <l4^ 
A close double star, near the northern wing of Aquile. A 6, B 7 msc, 
Pos. 122<> 00' Dis. 1".60 Epoch 1831.70 Smyth. 
<« 123 09 « 1 .20 <« 1847.66 BfilcheL 
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m 

« A^uiLJB^— A. R. = 19 h. 42 m. 58 g. Dec. se 4. 80 26' O'j". 
A first rnagoitude star, with a lOih luttgnitude companion, suspected lo 
be physically united, 

Pes. 334044' Dis. I43".40 Epoch 178156 HevBchel. 
•« 326 06 <' <163 .71 *' 1821.86 Btruve. 

<• 323 06 ** 162 .60 •« 1834.81 Smith. 

The change may be due to a difference of proper motion in the two 
stars. The annual proper motion of Altair nas been fixed at rather 
more than half a second in A. R., and about one third of a second in 
decUnatioa, 

23 AnuiL*.— A. R. =s 19 h. 10 m. 24 s. Dec. =+ 0® 48' 00". 
A dose double star, under the Eagle's southern wing. 

Disoovovd by Herschel, who appears to have made a mistake in en- 
tering his measures. His {K>sit|on is 1620, distance 3"«d0, epoch 
1781.68. ; 

The Bedford . Catalogue marks the position more than I8OO di^ 
ft>rent, and ' thinks Herschel wrote south tor north, in recording his 
obsenrationta. 

This star was earefbUy ipeasured on the 4th of August, 1847, and 
gave th^se results : 

Pos. 120 09' Dis. 3".67. 

Bedford Cat. Pos. =s: 120 06' Di& 3".l Epoch 1838.68. 

A Double 8tah.— A. R = 19 h. 37 m. 21 s. Dec -f- lOO 23' 06", 
on the Eagle's head. A 8, B 10 magnitude. 

Poe. 2780 18' Dis. 3".00 Epoch 1783.60 Herschel. 
276 27 3 .99 1825.66 South. 

276 30 4 .00 1836.76 Smyth. 

276 36 4 .33 1847.72 Mitchel. 

The distance between the components seems to be on the increase^ 
while the angle of position remains nearly if not quite the same. 



DELPHINU8. 



The DoLPHDf.^-This beautiful little cluster of 
stars is situated 13^ or 14^ northeast of the Eagle. 
It consists of eighteen stars, including two of the 3d 
magnitude, and three of the 4th, but none larger. 
It is easily distinguished from all others, by means 
of four principal stars in the head, which are so 
arranged as to form the figure of a diamond, point- 
ing northeast and southwest. To many, this clus- 
ter is known by the nanqie of Job's C(^n; but from 
whom, or from what fancy, it first obtained this 
appellation, is not known. 
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There is CI star of the 4th magnitude, situated in 
the body of the Dolphin, about 3^ southwest of the 
Diamond, and marked EpsUon. The other four are 
marked Alpha, Beta, Gamma, and Delta. Between 
these are several smaller stars, too small to be seen 
in presence of the moon. 

The mean declination of the Dolphin is about 
15° north. It comes to the meridian the same 
moment with Deneb Cygni, and about 50 minutes 
after Altair, on the 16th of September. 

« Thee I behold, majestic Cygnua^ 
On the marge dancing of the heavenly aea, 
Arion's friend ; eighteen thy stars appear — 
One telescopic." 

TELESCOPtC OBJECTS. 

A PtAwiTART Nebula. — A. R. = 20 h. 15 m. 15 s. Dec. 19© 
36' 06". Between the Dolphin^s pectoral fin and the arrow's head. 

Discovered by Sir Wiltiam Herschel, 1782. 

This is a large though faint planetary nebula* the surface being evenly 
illuminated. Sir John Herscbel suggests that the minute stars in dose 
proximity to the nebula, may be satellite*. He remarks *< that the 
enormous magnitude of their bodies, and consequent probable mass (if 
they be not hollow shells) ; may give them a gravitating energy, which, 
however large we may conceive them to be, may yet be capable of retain- 
ing in orbits three or four times their own diameter, and in periods of 
great length, small bodies of stellar character.*' 

Should this suggestion ever be verified, we might be led to attribute 
some of the anomalous motions (as yet unaccounted for), among some 
of the fixed stars, to the disturbing influence of an invisible body of this 
character. In case any such faint body were situated near Sirius, for 
example, tiie brilliancy of this star would entirely hide the nebula. Arti- 
ficial occuitation may detect some of these unknown objects. 

A Small Clustih.— A. R. = 20 h. 26 m. 21 s. Dec -|- 06© 
53', near the Dolphin's taii. 

Discovered by Sir W. Herschel, 1785. 

It is a mass of small stars, with several larger stars in the field. 

' /0 DBLPHiiri.^A. R. 20 h. 30 m. 03 s. Dec. -{- 140 02' 06". A 

delicate triple star, in the Dolphin's body. A 4, B 12, magnitude. The 
minute star B, was added to the previously discovered pair by Sir ^cAm. 
Herschel. It had escaped his father and Striive. 

Pos. A B I05O 00' Dis. \b"A Epoch 1734.79 
A C a^l 08 30 .0 " 
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> Drlfhiiti^-A. R. 20 h. 39 m. 16 fl. Dee. -{- Ifto 33* 08". A 
beautiful double ttar on the Dolphin's head. A 4, yellow ; B 7, fight 
green. No change has been delected. 

Pee. 8780 03' 00" Die. 18^.0 Epoch 1830. 



VULPECULA ET AN8ER. 

The Fox and the Goose. — This is a modem con- 
stellation, introduced by Hevelius, into a space 
between the Arrow and the Swan. " I wished," 
remarked Hevelius, ** to place a Fox with a Goose 
in this space of sky well fitted to it,, because such 
an animal is very cunning, voracious, and fierce. 
Aquila and Vultur are of the same nature, rapa- 
cious and greedy." In 1672, while examining tfiis 
new constellation, Hevelias discovered a star in the 
head of the Fox, which he had never before seen. 
This star remained visible for the space of about 
two years, after which period it disappeared, and' 
has never since been recognized. 

This new constellation has been pretty fairly 
adopted by astronomers, and may now be said to 
be pretty firmly fixed in the heavens. Its author 
counted 27 stars within its limits. The number 
has been successively increased by later astrono- 
mers, until finally, Bode has fixed ttte places of 126 
stars in thili small space. 

The intrusions or additions of Hevelius to the 
old constellations have been better received by 
astronomers than those of any other modern inno- 
vator, probably because his constellations were 
placed where they seemed to be actually required 
for convenience of reference. 

' TELESCOPIC OBJECTS. 

A DsLicATK DouBLi 8tak«— A. R. =s 89 h. 00 m. 10 s. Def 
4. 20° SS' 07". Close to the Arrow, under the Fox's shoulder. A 8 
B 10, magnitude. 

Discoyerad by Sir James South in 1888. 

Pos. 340O 06 Dis. 5^.5 Epoch 1839.70 



180 GEOGRAPHY OF THE H£AY£N8. 

A SvALK^DovBii arm —A. R. 90 h. 15 m. 47 s. Dee. 3s-|- 33^ 
84' 03". On the Fox's loins. A S, B 14, indigo blue. 

About 8 minute of time preceding this object, and 30' south of it, is 
a minute dose double star, discovered by Struve, and is Na 3679 of his 
great catal6gue. 

DuMB-Bsu. Nbbui.4^A. IL 10 b. 63 m. 30 s. Dec. 320 17' 01". 

Diacoyered by Messier, 1764, 

This is one of the large and magnificent nebuJ», located in one of 
the richest parts of the heavens. As first seen, it resembled two bails 
joined together like a dumb-bell, or double headed shot, and hence ito 
name. As more powerful instruments have been directed to ita exam- 
ination, its form has become more wonderful and mysterious. The 
drawing represents this object as seen with the Cincinnati Refractor, 
July, 1847, at which time it was described while undsr the eye» m» 
fcrflows: 

" The shape of the nebula is an oval or ellipse, whose larger sixis 
occupies four-fifths of the field of view,, with a power of 350. The 
figure impierfect to the left of the lower vertex. The right hand ball of 
light father the largest, the round figure being broken by two blunt 
points. The upper star b seen a little outside the outline. The left 
hand mass of light takes the same form as that on the right, only the 
light does not extend up or down quite as fiir. At each extremity a star 
IS located. The vertices of the great or general outline compafatively 
faint. Several stars are visible on the nebula. One distinctly seen in 
the center of the right hand mass of light, one in the center of the 
principal axis, fainter than the first mentioned ; one still more fiiint 
midway between these two. Another is seen by glimpses below, and to 
the right of the one first mentioned. There are besides many stars in 
the same field of view.*' 

Lord Rosse's great telescope has produced no great change in tfie 
figure, while it has revealed more light in the comp re s sed parts of the 
nebula. Nichol describes it as having ** no longer distinctness of com- 
pletion of form, but a strange mass internally most irregular, cluster- 
ing aj^rently around two principal nuclei, or knots of stars, snd pre- 
senting, where it merges into the dark, the utinost indefiniteness of 
outline,'* and yet the figure has an outline quite as well defined as those 
usually prenented in drawings of this object 

ibis object is doubtless the union of two mighty clusters of myriads 
of suns, and as the double stars' are scattered profusely through space, 
we occasionally find what may be justly ti*rmed doubie nflnUat and 
dottle cltuien. The distance of this object must be absolutely over- 
whelming, and its dimensions beyond the powers of computation. 

It may be picked up on a line joining /8 Cygni and the Dolphin, and 
slH)ut 70 southeast of the first named star. The angle of position <^ 
the line joining the centers of the nebulous masses, is 3lo 08'. as 
measured by Oapt. Smyth. 
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DIItECnONS FOR TRACING THE CONSTELLATION ON 

MAP NO. XXII. 

Serpentarius, Vel Ophiuchus — The Serpent-Bearer. 

Favorabljf situated for easamination in June, Juljfy 
and August, 

8ERPENTARIU8, VEL OPHIUCUS. 

The Serpeht-Bearer is also called iGsculapius, 
or the god of medicine. He is represented as a 
man having both hands clenched in the folds of a 
prodigious serpent, which is writhing in his grasp. 

The constellation occupies a considerable space 
in the mid heavens^ directly south of Hercules, and 
west of Taurus Poniatowski. Its center is very 
nearly over the equator, opposite to Orion, and 
comes to the meridian the 26th of July. It con- 
tains seventy-four stars, including one of the 2d 
magnitude, five of the 3d, and ten of the 4th. 

The principal star in Serpen tarius is called Bos 
Alhague, marked a. It is of the 2d magnitude, and 
situated in the head, about 5^ east-southeast of 
Ras Algethi, marked a, in the head of Hercules. 
Ras Alhague is nearly 13^ north of the equinoctial, 
while Rhoy in the southern foot, is about 25^ south 
of the equinoctial. These two stars serve to point 
out the extent of the constellation from north to 
south. Ras Alhague comes to the meridian on the 
28th of July, about 21 minutes after Ras Algethi. 

About 10^ MHithwest of Ras Alhague are two amall stars, one of the 
8d, the other of the 4th magnitude, scarcely more than a degree apart 
They distinguish the left or west shoulder. The northern one is marked 
IffUL, and the other Kappa* 

Eleren or tweWe mgrees south-southeast of Ras Alhague, are two 
odier Stan of the 3d magnitude, in the east shoulder, and about 20 apart. 
The upper one is caUed CAdeb, or ^ and the lower one Gamma. 

Q 
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TheM itavi in the heid and ihoaUen of Serpentariae form a tmnffief 
with the vertex in Kae ADiague, and painting towards the nortbeaet. 

About 4^ east of y, is a remarkable cluster of 
four or five stars, in the form of the letter V, with 
the open part to the north. It very much resembles 
the Hyades. This beautiful little group marks the 
face of Taurus Poniatowski. The solstitial colure 
passes through the equinoctial about 2° east of the 
lower star in the vertex of the V. The letter 
name of this star is k. There is something 
remarkable in its central position. It is situated 
almost exactly in the mid heavens, being nearly 
equidistant from the poles, and midway between 
the vernal and autumnal equinoxes. It is, how- 
ever, about one and a thini degrees nearer the 
north than the south pole, and about two degrees 
nearer the autumnal than the vernal equinox, 
being about two degrees west of the solstitial colure. 

Directly south of the V, at the diatanoe of about 12^, are two very 
■mall stars, about 2^ apart, situated in the right hand, where it grasps 
the serpent. About halfway between, and nearly in a line with the 
two in the hand and the two in the shoulder, is anoUier star of the 3d 
magnitude, marked Zeia, situated in the Serpent, .opposite the right 
elbow. It may be known by means of a minute star just under it 

JUaraie, marked x, in the left arm, it a star of the 4th magnitude, 
about l(P southwest of t and » . About 7^ farther in the same direc- 
tion, are two stars of the 3d magnitude, aituated near the hand, snd 
a little more than a degree apart. The upper one of the two, which is 
about 16C> north of Graffias in Scorpio, is called Yed, marked /, the 
other is marked •• These two stats mark the other point in the folds of 
the monster where it is grasped by Seipentarius. 

The left arm of Serpentarius may be easily traced by means of the 
two stars in the shoulder, the one (x) near the elbow, and the other 
two in the hand; all lying nearly in a line north-northoist, and south- 
southwesL In the san^ manner may the right arm be traced, by stars 
irery simibrly situated ; that is to. say, first by the two in the east 
shoulder, just west of the V, thence 8^ in a southerly direction indin- 
big a tittle to the east, by ( (known by a little star right under it), and 
then by the two small ones in the right hand, situated about 6^ below f. 
^ About 130 from Antares, in an easterly direction, are two stars in the 
right foot, about 2^ apart The largest and lower of the two, is on the 
left hand. It is of between the 3d and 4th magnitudes, and marked ^ . 
There are several other stars in this constellation, of the 3d and 4th 
magnitudes^ They may be traced out firom the maps. 



8K&PSNTARIU8, TEL OI»HIUCH0S. 183 

TELESCOPIC OBJECTS. 

/» QpHivctfi.— A. R. = 16 1l 16 m. 00 1. Dec. = — 2do 04^ 03^. 
A fine double star, on the Serpent Bearer's foot A 6, B 7} magnitude. 

Poe. 30 or ViM. 3".08 Epoch 1832.88 

Discovered by Sir W. Herschel, 1780. There ia bat little endenoe of 
any physical connection between the components. 

?« Ophiuchi, a binary 8tar.--A. K. = 16 h. 22 m. 61 a. Dec -f- ^ 
^W OiT. A 4, B 6, magnitude. The following measures are racoided : 
Poa. 



7fioao' 


DisL 0'\50 


Epoch 1783.18 


Herschel. 


331 48 


0.84 


1826.61 


Struve, 


366 05 


I .00 


1839.67 


Smyth. 


2 47 8^ 


1 .'29 


1841.69 


'Madler. 


8 42 


1.42 


1847.65 


Mitchel. 



Frpm these obserrations, it is evident that the stars are revolving about 
thor common center of gravity, in a period of about 120 years. 

T UFBivcfii.— A. R. =s 17 h. 64 m. 22 s. Dec ss ^ 8^ 10^ 04^ 
A vary close binary atar, on the right hand of Ophiuchus, the closest of 
Herschel's double stars. 

Discovered, April, 1783. A 6, B 6, magnitude. A third star» dis- 
tant 83", in the same field of view. 

7*he following measures will exhibit the progressive changes : 

Pes. 3310 se' Die elongated Epoch 1783.97 HerscheL 
199 54 0^.436 1836.62 Struve. 

225 36 .772 1842.67 MiLdler. 

229 24 .779 1846.61 Mitchel. 

Madler remarks, with reference to this system, as follows : ** The pe* 
■iodic time must be aSout 110 years. The inclination and eccentricity 
appear to be considerable. The distance was a minimum in 1826, or a 
ahort time before. It has regularly increased ever since. It is hoped ' 
that observations further south than Derpat may follow this binaiy sy^ 
tem with attention." 

Combining all the observations, a shorter period seems to be indicated, 
peiiiape not exceeding 90 years. The yearly change in the angle of 
poation, from 1827 to 1846, amounts to AP ZSl, 

70, (w p OpmucHi.— A. R. = 17h.57m. 22s. Dec. == + 20 32' 06" 
A swiftly revolving binary system. ' A 4J, B 7, magnitude. 

This star has engaged the attention of many distinguished astrono- 
mers. The rapidity of its motion excited the notice of its discoverer, 
and caused the following record : ** The alteration of the angle of posi- 
tion that has taken place in the angle of position of this double star is 
remarkable October 7. 1779, the stars were exactly in the same paral- 
lel, the preceding star being largest. * September 24, 1781, it was 9<^ 14', 
n f; and, May 29, 1804, it was 48^ 01', n p; which gives a change 
of ISIO 59', in 24 years and 254 days." The orbit has been computed 
by several astronomers; but with the greatest care, recently, by M. 
Madler, who has reached the extraordinary conclusion, that these r'' 
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▼oWing skaTB aie moving under the dutnrbing uifldenoee of lome thiid 
body, M yet undiscovered. 

Madlei^B elements are the following : 
Periastre passage, T =s 1813.73 
Periodic time, P = 92.869 years. 

The angle between the maj. axis and 
line of nodes, - - x = U^ 06' 08' 

Bccentricity, - - e= 0.4438 

Mean annual angle of motion, m = 33^1.584 

Angle of position, - . ^ =e 136 47 02 

Inclination of the plane, of the oibit, t = 64 61 04 

The following measures will show the chu^nges which have occurred * 
Poe. OQOOO' Dis. 3".59 Epoch 1779.77 H«»^scheU 
167 36 3 .79 1821.74 Strilve. 

137 30 6 .63 1830.67 Dawes. 

178 64 6 .44 1837.63 Bessel. 

176 36 6 .88 1841.63 MiUller. 

130 46 6 .63 1847.65 Mitchel. 

The discrepances between computation and observation, ascribed bj 
Madler to. the influence of some unknown disturbing body, have been 
recently attributed to abeiroHon, produced by the motion of the stars in 
their orbits. Hiis matter is yet in a state of uncertainty. 

There are many double stars in this constellation, which will be readily 
found on the charts, distinguished, as usual, by their round farm, — ^al) 
other stars being angular, or atar-shaped. Under favorable ciKumstancee, 
all stars appear round, and disk-like, in large and perfect instruments. 

A Rich Qlobvlar Clustsr. — A. R. = 16 h. 38 m. 66 s. Dec 
ss= — 10 40^ 08". This object J have repeatedly examined. It nearly 
fills the field of view, with a power of 360, its diameter being from 7 to 
8 minutes of space. There are three bright stars in the cluster, with 
Biany smaller but prominent ones scattered in the field. 

Messier discovered it, in 1764, but saw no stars. Herschel locates it at 
the distance 186. It may be found nearly on the line joining • and 0, 
and 8io distant from the first star. It is represented in the Bedford 
Catalogue as greatly comlerued at the center. I find this remark 
scarcely applicable to its appearance, as seen with the 13 inch refractor. 
The resolution is complete. 

A Clvbtik of (!)omfre8sid Stabs. — A. R. = 16h. 48 m. 46 s. 
Dec. =5 — 3° 61' 08". Discovered by Messier, 1764, and b^ him de> 
scribed as a beautiful round nebula. It is easily resolved, and, under a 
full aperture of 13 inches, is a noble object. There are three pretty dii^ 
tinct star-like radiations, running out from the center, and four or five 
little patches of separate stars in the same field of view. It follows • 
Ophiuchi, on the same parallel nearly, and about 8^ distant. Sir W 
Heraehel makes its profundity of the 343d order. 

A LAaet Globular Clustsb.— A. R. = 17 h. 39 m. 18 s. Dee. 
= — S*' 00' 09". Sir WUUam Hotm^ describes this object as follows : 
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• 

«> Extremely bright, round, easily reBoIvabk. \yith a power of 600, I 
can see the stars. The heavens are pretty rich in stars of a certain size, 
but they are krger than those in the duster, and easily to be distinguished 
from them. This cluster is considerably behind the scattered stars, as 
sonie of them are projected on it From the observations of the 20 
feet* telescope, which had the power of discerning objects 75.08 times as 
fiur as the eye, the profundity of this clustej* must be of the OOOtb order,** 
This duster may be found 6 j<^ south by west from y Ophiuchi, nearly 
midway from /i 8corpii and the tail of Aquila. It is a fine object, 
large and well defined. 

A Lakox ajtd Easily Rbsoltxd Clvstsb.— A. R.=s I7h.47m. 
32 8. Dec 3= — 180 SS* 02", between the left leg of Ophiuchus and 
the bow of Sagittarius^ 

Discovered by Messier, 1764 It is on a line northwest from /ut 8»- 
gittarii, and distant about SO, 

• 

A Gloss Doublx SrAa.-— A. R. 16 h. 54 m. 18 a. Dec ^^ -{- 
8^ 41' 03". On the right shoulder. A 7, B 8. 

Poa. 1350 40^ Dis. r.34 Epoch 1830.97 Btriive. 

137 00 1 .50 1832.41 Smyth. 

146 57 .826 1847.70 MitcheL 

These last measures would indicate blnaiy character, and I am <^ 
fident that they were well made. 

36 Ophivcbi.— A. R. = 17 h. 05 m. 29 a. Dec s — 26® 21' 05" 
A double, or rather, multiple, star, between the. left foot and the Scot 
{Non's tail. A 4^, B 6^, magnitude 

Poa. 2130 20 Dis. 5".32 Epoch 1843.52 Airy. 
215 49 4 .27 1847.62 MitcheL 

73 Ofsivchi^^A. R. == 18 h. 01 m. 37 s. Dec =» -|- 30 58' 03* 
Between the left shoukUnr of Ophiuchus and the Serpent's tail A 6, B 
7^, magnitude 

Discovered by HerscheL 

Pos. 2670 ly Dis. 0".90 Epoch 1783.32 Hersehd. 

1822.46 Her. db South. 
183K05 Struve. 
1842.00 Smyth. 
1847.55 MitcheL 
Here is certainly a binary systeuL The early measures of Sir W. 
Herschel, as well as those by Hersehel and South, are discordant with 
the later measures. From 1831 to 1 847, a period of 16 years, there has 
been a change of 6^. The motion is retrograde. 

A Double »rAB.~A. R. = 17 h. 17 m. 21 a. Dec =: 4. 150 45' 
04". Between the heads of Ophhichus and Herdulea. A 7, B 13. 
Discovered by Struve. 

Pos. 6I0 54' Dis. 4''.073 Epoch 1830.23 Stri&vc 
62 33 3 .654 1847.60 MitcheL 

These obaervitioDS impfy fizi^ m this set 
Q2 
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853 00 
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88 P. XIV, Opbiuchi*— A. R. = 16 h. 20 m. 10 s. Dec. =r — 7© 
45' 09''. A delicate- double star, near the right thigh of Opbiuchu9> 
A 7}, B 12. Reckoned a difficult object, from the small size of B. 
Pos. 302«44' Dig. 4" .687 Epoch 1831.48 StriWe. 
305 00 5 .000 1833.47 Smvth. 

304 14 6 .292 1847.70 L. M. 

There b strong evidence of fixity in these measures, and there is litUe 
reason to belieYe t^t these stars are otherwise than optically related. 



DIRECnONS FOR TRACING THE CONSTELLATIONS ON 

MAP NO. XXIII. 

Pegasus — The Flying Horse. 
Equulus — The Horse's Head. 

FavcyroHLy sitvatedfor exandruUion in September ^ Oc- 
tober. November and December. 

PEGASUS. 

The Flying Horsb.-^— This constellation is repre*- 
sented in an inverted posture, with wings. It occu- 
pies a large space in the heavens, between the 
^wan, the Dolphin and the Eagle, on the west; 
and the Northern Fish and Andromeda, on the east. 
Its mean right ascension is 340^, or, it is situated 
20^ W. of the prime meridian. It extends from the 
equinoctial N. 35^. Its mean length, E. and W., is 
about 40^, and it is six weeks in passing our meri- 
dian, viz. from the Ist of October to &e 10th of 
November. 

We see but a part of Pegasus, the rest of the ani- 
mal being, as the poets imagined, hid in the clouds. 

It is readily distinguished from all other constel- 
lations by means of four remarkable stars, about 
15^ apart, forming the figure of a. square, called the 
square of Pegasus. The two western stars in this 
square come to the naeridian about the ^d of 
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October, and are about IS^ apart. The northern 
one, which is the brightest of three triangular stars 
in the martingale, is of the second magnitude, and is 
called Scheaty marked /S. Its declination is 26|^ N. 
Markci)^ marked «, also of the second magnitude, 
situate^ in the head of the wing, is 13^ S. of Scheat, 
and passes the meridian 11 minutes after it. 

The two stars which form the eastern side of the 
square, come to the meridian about an hour after 
those in the western. The northern one has al- 
ready been described as Alpkeratx^ oar <») in the head 
of Andromeda ; but it also belongs to this constel- 
lation, and is 14^ £. of Scheat. 14'' S. of Alphe- 
ratz, is Algemb^ a Persei (see Map No. I), the last 
star in the wing, situated 6i^ E. of Markab. 

1 

wff AJ^enib, in Pegawii, Alpheratz, in Andiomeda, and Caph, in Ca»- 
^'r aiopoa, aie dtuated on the prime meridian, and point oat .its direction 
through the pole. For thia reaaon, they are sometimes called the three 
guidee. They form an arc of that greatcirele in the hea^rene from which 
the distances oif aU the heavenly tKidies are measnred. It is an arc of 
the equinoctial colure, which passes through the vernal equinox, and 
which the sun crosies about the 2l8t of March. It is, in astronoiny, 
^ what the meridian of Greenwich is in geography. If the son, or a 
- planet, or a star, be said to have so many degrees of right ascension, it 
means that the sun or plantt has aeeended so nmny degrees Irom this 
prime meridian. 

Enif, marked t, sometimes called Enir, is a star of the third magni^ 
tode, m the nose of Pegasus, about 20^ W. S. W. of Markab, and half 
way between it and the Dolphin. About one-third of the distance from 
Markab towards Eni^ but a little to the 8. there is a star of the 3d mag- 
nitode, in the neck, whose letter name is Zeta. The loose cluster di- 
rectly 8. of a Hne joining Enif and Zeta, forms the head of Pegasus. 

In this constellation, there are eighty.-nine stars 
'*4 visible to the naked eye, of which three are of the 
second magnitude, and three of the third. 

TELESCOPIC OBJECTS. 

A Double Stab.— A. R. = 21 h. 14 m. 41 s. Dec. = 19 © Or 
04", between the head of Pegasus and the hind legs of the Fox. A 4, 
considered variable ; B 9, magnitude. 

Poa. 31 QO 08' Dia. 36".4 Epoch 1333.95 



f 
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Although no lensibla change hai jet heen diwoTered in fhii.eel, a 
commoa proper motioD would indiGtite aome physical union. 

A Laros AiTD BarLLiAiTT Clvbtir. — A. R. = 21h.22m. 13b. 
Dec = -(- no sr 04'', between the mouths of Pegasus and Bquulus. 

Discovered by Meraldi, 1745, and described by Um as ** a nebulous 
star, quite bright, and composed of several stars. 

It was fnlly resolved by Sir William Herschel, 1783, and placed by 
him in the 243d oider of distances^ This object is greatly condensed at 
the center, and has many radiations. 

There is a great condensation at the center, and even a brilliant 
nucleus, around which the stars are scattered in rich' profusion for a 
distance of about VI in diameter. Beyond this the cluster is less rich in 
Stan. The space preceding the cluster is'neariy vacant The follow- 
ing space is tolerably well filled with- stars. 

A Small Doublk Star.— A. R. se 38 h. 0& m 87 s. Dec. == 4- 
160 24' 02", between the head and legs of Pegasus. A 7^, B 10^. 
The first yellow, the second green. 

Discovered by Str&ve. 

Pos. 316'' 24' Dis. 7".63 Epoch 1828.95 Striive. 
331 29 8 .03 1847.66 Milchel. 

This is certainly a binary system. 

37 Pb»asi.^A. R. ;= 22 h. 21 to. 63 s. Dec. s= ^ 03O 37' 03^, 
a binary star on the mane and near the head of Pegasus. A 6, B 7^ 
Discovered by Striive. 

Pos. 112» 36' Dis. i".36 Epoch 1831.12 Strove. 
118 54 1 .10 1889.66 Smyth. 

121 46 .98 1847.70 Mitchel. 

Here is strong evidence of binary charatter, as the angular velocity 
has been on the increase, and the distance is certainly diminishing. 

55 H. I., Pbbast.^A. R. s= 22 h. 56 m. 5a s. Dec. = + 1 lO ST 
09", an elongated nebula in the Horse's mane. 

Discovered by Herschel in 1784. 

This is an exceedingly faint and difficult object I examined it car^ 
fully in September, 1847, and although it was readily found, it required 
very close gazing to make any thing out of it It stretches between two 
stars, the upper one of which is not touched by the nebulous matter. 
A minute telescopic star just precedes the upper extremity of the nebiH 
lous matter, which seems to have been overlooked by preceding observw 
ers. There is something of a glow at the osnter after long gazing, and 
under a side glance. 

This object is thought to be a flat ring seen obliquely. It is one of 
the most difficult objects in the heavens, and requires a powerful instru- 
ment for satia&ctory examination. 
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EQUULU8, VBL EQUI 8ECTI0. 

The LdTTLS Horsb, or thb Ho&sB'd Head. — ^^This 
Asterism, or small cluster of stars, is situated about 
7^ west of Enif, in the head of Pegasus, and about 
halfway between it and the Dolphin. It is on the 
meridian at 8 o'clock on the 11th of October. It 
contains ten stars, of which the two principal are 
only of the 4th magnitude. These may be readily 
distinguished by means of the long irregular square 
which they form. The two in the nose, are much 
nearer together than the two in the eyes; the 
former being 1° apart, and the latter 2i^. Those 
in the nose are uppermost, being 4^ north of those 
in the eyes. This figure also is in an inverted posi- 
tion. These four stars are situated 10^ or V29 
southeast of the diamond in the Dolphin's head. 
Both of these clusters are noticeable on account of 
their figure rather than their brilliancy. 

TELESCOPIC OBJECTS. 

376 P. XX, E(iuvLSi.~A. R. = 1^ b. 47 m. 40 f . Dec. ss -(- 

03P b& 06", a close double star between the Horse's bead and tbe bow 
of Antinoas. A 6, B 8, magnitude. 

Discovered by Struve. 

Poa. 2890 10' Dis. 1''.8 Epoch 1829.48 Struve. 
287 4.5 1 .874 1847.65 Mitchel. 

These measures may possibly indicate a slow retrograde motion, s 
cliange of 2^ about in 18 years. This wouM give an anntu magnut 
io the system of more than 4000 years. 

I EatJtTiir.— A. R = SO h. 61 m. 05 s. Dec. =s 0ft*» 41' 01", a 
delicate triple star, preceding the Horse's forehead. A 5^, B 7^. 
Discovered to be double by Herschel ; subdivided by Struve. 
Fob. a B 290^ 00' Dis. 0".50 Epoch 1838.83 Smyth. 
288 06 .574 1847.60 Mitchel. 

A C 84 21 9 .37 1780.59 Herschel. 

79 21 12 .37 1823.58 Her.&Sonth. 

78 01 11 .20 1838.83 Smyth. 

76 25 11 .08 1847.60 Mitchel. 

These measures determine the binary character of A and C, which is 
likewise rendered more certain by the equality of their proper motion. 
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Hare w« are presented with a magnificent system. Three suns revolv- 
ing about their common center of gravity, and sweeping, together with 
their trains of planets and comets, throogh the regions of space. 

X Eavm.ai.— A. R. s 90 b% M m. 19 a Dec. =t -f- OfiO SS* OT. 
A fine double star preceding the Horse's nose. A 6, B 6^, magnitude. 
Discovered by Struve. 

Pos. 2250 3p' Dis. 2".6 Epoch 1883.72 Smyth. 
227 42 I .9 1847.60 Mitchel. 

These observations are not sufficient to determine the binary chaiaeteE. 
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DIRECTIONS FOR TRACINO TITE CONSTELLATIONS ON 

MAP NO. XXIV. 

AauARius — The Water-bearer. 
Capricornus — The Goat. 

Favorably situated for examination in September^ 
October, November and December. 

AQUARIUS. 

The Water-Bearer. — This constellation is rep- 
resented by the figure of a man, pouring out water 
from an urn. It is situated in the Zodiac, immedi- 
ately south of the equinoctial, and bounded by the 
Little Horse, Fegcuius, and the Western Fish on the 
north, the Whale on the east, the southern Fish on 
the south, and the Goat on the west. It is now 
the 12th in order, or last of the 2iOdiacal constella- 
tions ; and is the name of the 11th sign in the 
ecliptic. Its mean declination is 14^ south, and its 
mean rigiit ascension 335^, or 22 hours, 20 min.; it 
being 1 hour and 40 min. west of the equinoctial 
colure ; its center is, therefore, on the meridian the 
15th of October. 

It contains one hundred and eight stars ; of which 
the four largest are all of the 3d magnitude. 
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** His head, hi* shoolden, and hit lucid brewt. 
Glisten with stare ; and where his urn inclinea, 
Rivers of light brighten the wat'ry track/* 

The northeastern limit of Aquarius may be 
readily distinguished by means of three stars of 
the 4th, and one of the 5th magnitilde, in the hand 
and handle of the urn, so placed as to form the 
letter Y, very plainly to be seen, 15° southeast of 
JSnif, or « Equulei, or 18° S. S. W. of Markab, in 
Pegasus; making with the two latter nearly a right 
angle. 

About 4^ west of this figure is El Me&k, marked «^ a star of the 
3d magnitude, in the east shoukler, and the principal one in this con- 
stellation. 10^ southwest oi At'iB another' star of the same magnitiide, 
situated in the west shoulder, called Sad es Siaud, marked yd. 

Aneha, marked 6» of the 5th magnitude, is in the right side, 8^ south 
oi a, 90 east of 8, is another star of the 4th magnitude, whose letter 
name is Lambda* 

Seheat, marked /, of ^ 3d magnitude, lying below the knee, is 
situated SP south of x; and 14 south of /. the brilliaut star Fomalbaut, 
of the 1st magnitude, terminates the cascade in the mouth of the 
Boothem Fish. This star is common to both these constsellationa^ and 
is one of those from which the lunar distance is computed for asceiw 
taining the longitude at sea. It culminates at 9 o*clock on the 22d of 
October. 

Fomalhautt Deneb Kaltos, and Alpha in the head of Phcenix, make 
a large triangle, whose vertex is in Deneb Kaitos. Those two Htare of the 
4th magniti^e, situated 4^ south of ^ and nearly the same distance 
from 6 , are in the tail of Capricorn. They are about ^ apart The 
western one is called Deneb Algedi* 

The rest of the stars in the cascade are quite small ; they may be 
traced from the letter Y, in the urn, in a southeasterly direction towards 
the tail of Cetus, from which the cascade Suddenly bends off near /, 
in an opposite course, and finally disappears in Ihe mouth of the South- 
era Fish, 80^ south of Y. 

TELESCOPIC OBJECTS. 

4 AaiTARii.r-A. R. = 20 h. 4« m. 67 s. Dec = — 6«' 13* 03^. 
A dpee binary star, between Aquarius and Equuleus. A 6, yeUow ; B 
8, purple. 

Discovered by Sir W. HeischeL 

The following measures are the only ones which I have been abb 
lofind. 

Pos. 8510 2(y Dis. 00".aO Epoch 1782.68 HerscfaeU 
26 07 00 .81 18^.69 Striive. 

24 86 Oa.6 1841^1 Madler. 
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A PLAFiTAmT NiBUiA.^ — A. R. ^ 20 h. 55 ID. 27 s. Dec. =: — 
1 lo 59' 00". In the middle of the Scarf of Aquarius. It may be 
found nearly on the parallel of « Capricomi, and 12^ east of it 

Discovered by Sir William Herschel in 1782, 

Its diameter amounts to no leas thkin 20". 'Ilie surface evenly tinted 
and of a delicate pale blue. Its disk is comparatively well defined, and the 
tint resembles. that of Uranus and Neptune. Its distance roast be equal 
to that of the fixed stars, as it has no annual parallax. Its diameter, . 
therefore, cannot be less than three thousand millions of miles. I have 
frequently examined this wonderfnl object, and on the 9lh of September, 
1847, found its diameter to be about 9" or 10". The upptor put is 
wanting in roundness, giving it the appearance of an obtuse crescent. 

12 AauAmi^-A. R. = 20 h. 55 m. 87 s. Dec == — 00© 2r 00^, 
A elose double star in the space between the Scarf of Aquarius, and the 
head of Equnleua. A 5^. white ; B 8^, light blue. 

Discovered by StrQve. 

Pos. 1890 36' Die. 02".66 Epoch 1881.31 StrQve. 
191 00 02 .80 ld3}.82 Smyth. 

191 80 08 .28 1847.63 MitcheL 

There is something extraordinary about this star. The distance 
obtained by my measures is neariy four timi-s as great aa that in the 
books : and the star B instead of bong of the 8^ magnitude, is certainly 
aa low as the L5th. I satisfied myself of this by turning the instrument 
on ^ Aquarii, whose companion ia of the 15th magnitude. The atar 
may be variable, but the increase of distance is unacoountabla 

/8 AaiTAiiii— A. R. = 21 h. 23 m. 07. Dec = — 06° 16' 00", 
on the right shoulder of Aquarius. A 8, yellftw ; B 15, blue. 
DiKOvered by Herschel, who gave the 
Pes. 8250 48' Dis. uncertain. Epoch 1782 

370 00 02".00 1833 Smyth. 

This last ia'a mere estimation. 

29 AavAmii.— A. R. » 21 h, 63 m. 41 a. Dec =s — ITO 43* 
09". A beautiful double star on the tail of Capricorn. A 6, B 8» 
magnitude. 

Pos. 2480 84' Dis. 04".50 Epoch 1823.19 Str&ve. 
242 08 04 ^66 1847.70 MitcheL 

These measurea decide the character of the atar. The components 
must be optically united. 

A Ff If a Olobuiar GLV8PnR.—A. R. sb 21 h. 25 bl 10 a. Dec 

sr — Oio 32' 01", on the neck of Aquarius. 

Discovered by Mftraldi in 1746, mere than a hundred yean ago, and 
among the Aral known nebula* 

It was fully raAolved by Sir William Herschel, with his 40 feet 
reflector, when the entire mass was found to consist of myriads <tf 
atan, ranged in a compressed form, and closely clustering about the 
oanter. He estimated ita profundi^ aa of the 24dd order. Thiaolject 
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examined with a power ef 360, and a 12 inch aperture, on the 
evening of the 9th of September, L845, and deecribed as ibilows. The 
cluater enters the field in great beauty. It is distinctly resolved, though 
the stars composing it are very minute, with great condensation at and 
•round the center. The diameter of the brightest portion is about 2' by 
estimation. A coarse double star foUowa above the cluster. Several 
bright stars in the field. There are no radiations of stars, the voam 
being neady globular, with an outline somewhat broken. 

41 AauAmii.— A.R.=:22h. 05m.87s. Dec = — 21© Sl'OO". 
A doable star between the Water-bearer and the Southern Fish. A 6, 
B 8^, magnitude. 

DJacovered by Herschel, but registered by him without measures. 

Po& 120O 42^ Dis. 05'M7 Bpoch 1828.78 Herschel dc South. 
120 22 04 .326 1847.70 Mitchel A L. 

An interval of 24 years between these measures, indicates the fizi^ 
of the components of these stars. 

f AauABii.— A. R. = 22 h. 20 m. 86 s. Dec = — 00© 60* 02". 
A binary star on the left wrist of Aquaiiua. A 4, B 4^, magnitudes* 

Discovered by Herschel in 1779, and found to be binary as early as 
1804. 



Pos.s.'seo 


14' 


Dis. 03".626 


Epoch 18.^.98 


Bessel. 
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43 


OS .389 


1836.06 


Strove. 


352 


10 


04 .123 


1841.48 


Madler. 


348 


64 


02 J70 


1842.59 


Smyth. 


346 


42 


03 .948 


1847.70 


MitcheU 



The last measures but one seem to be in error both in distance and 
position. Madler thinks the period of this system may be about 780 
years. My own measures were confirmed by those of my assistant, the 
readings agreeing admirably with each other. 

A Closs Dodblx STAm.— a. "R* as 22 h. 84 oo. 40 s. Dec« ss 
— 90 08' 08". near the stream issuing firom the vase and near the 
vase's mouth. A 7, B 8}, magnitude. 

Discovered by HerscheL 
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Die. 03 ".00 


Kpodi 1782.74 


HerscheL 


M7 


22 




1S21.92 


Struve. 


313 


08 


02 .7 


1838.67 


Smyth. 


314 


36 


01 .82 


1847.70 


Mitchel. 



The distance in this set seems 10 be diminishing, and a revolution in 
an orbit whose plane is nearly coincident with the visual ray appears 
probable. 

7 AauARTT.— A. R. = 22 h. 39 m. 13 s. Dec. = — 140 63' 09". 
Above the left knee of Aquarius. A 6, B 9^, magnitude. 
Discovered by Herschel in 1782. 

A Tbiplx &rA««— a. R ss 22 h. 39 m. 36 s. Dec. =s — 60 OS* 
06". In the mouth of the vase. A 7^, B 8, C 9, aagnitude. 

R 
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04 AqjJAMUr^K. a =123 h. 10 m.41 1. ^ Decs:— I40 19' 07 . 

In the flpaoe between Uie ftream md the left knee of Aquarias. A 6, 
B 8^, magnitDde. 
Diflcovered fay Piaai 

107 AdUAmii.— A. R. =5 88 h. 87 m. 4S s. Dee. ^ _ 190 84' 
01". Neer the eentor df the itieain flowiDg from the tim. A 6, white; 
B 7i, blue. 

Discovered by Herachel m 1780. 



CAPRICORNUS. 

The Goat. — This is the tenth sign, and eleventh 
constellation, in the order of the Zodiac, and is 
situated south of the Dolphin, and next east of 
Sagitt-ariuB. Its mean declination ia 20^ south, 
and its mean right ascension, 810^. It is therefore 
on the meridian about the 18th of September. It 
is to be observed that the first point of the sign 
Capricorn, ruU the constettatum^ marks the southern 
tropic, or winter solstice. The sun, therefore, 
arrivcB at this point of its orbit the 21st of Decern* 
ber, but does not reach the canstellatum of Capricorn 
until the 16tfa of January. 

The sun having now attained its utmost declina- 
tion south, after remaining a few days apparently 
stationary, begins once more to retrace its progress 
northwardly, affording to the wintry latitudes of 
the north, a grateful presage of returning spring. 

At the period of the winter solstice, the sun is 
vertical to the tropic of Capricorn, and the south- 
ern hemisphere enjoys the same light and heat 
which the northern hemisphere enjoys on the 21st 
of June, when the sun is vertical to the tropic of 
Cancer. It is at this period, mid day at the south 
pole, and midnight at the north pole. 

The whole number of stars in this constellation 
is fifty one ; none of which are very conspicuous. 
The three largest are only of the 3d magnitude. 
There is an equal number of the 4th. 
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The head of Capricorn may be recognized by 
means of two stars of the 3d magnitude, situated 
a little more than 2^ apart, called Giedi^ marked a, 
and Dabihy marked /I. They are 28^ from the Dol- 
phin, in a southerly direction. 

Giedi im the most northern star of the two, and 
is double. If a line be drawn from Lyra through 
Altair, and produced about 23^ farther, it will point 
out the head of Capricorn. These two stars come 
to the meridian the 9th of September, a few minutes 
after Sad*r, in Cygnus. 

A few other stars, of inferior note, may be traced 
out by reference to the maps. 

The sign of the Goat was called by the ancient 
orientalists the '' Southern Gate of the Sun," as 
Cancer was denominated the " Northern gate." 
The ten stars in the sign Capricorn, known to the 
ancients l^y the name of the *' Tower of Gad," are 
probably iiow in the constellation Aquarius. 

TfiLBSGOPIC OBJEOT8. 

41* Capbusobhi.— A. a 20 b. 09 m. LO s. IWc s;c » Id^' 09' 01". 
^ dQuble star of special ioteireflt. A 3, B lO. magQitude. 

This minute point of light was regarded by Sir John Herscbel afi 
possibly a sattUntey and shining by a reJUd&d Ught. On a cursory 
review of this region of the heavens* in September, 1846, I turned the 
instrument on «' Gapricorni in the presence of nearly a fiiU moon, and 
instantly detected the small companion. I had forgotten that this was 
one of the stars to which Herschel had directed attention, and supposed 
that 1 might be the first who had see* the companion. A slight reference 
to the catalogues showed this to be wrong. It does not appear oq 
Struve's great catalogue, neither do I find any measare% except a few of 
position by Sir John Herscbel, in Sept 26th, 1832. 

Pos. 14 lO 42' No distance given. 

I measured this object in August and September^ 1846, and found 

Poe. 1440 11' Dis. 6".36 

This star is really quintupk^ the most diitant star of the five imng 
373" from the principal. 

f CAPRicoBiri.— A. R. = 20 h. 19 m. 44 s. Dec. = — 18* 20f 
03". A double star with a distant companion. A 6, B 9, C 7}, mag, 
Pos. A B 1760 42' Dis. 3".8 Epoch 1830.73 Smyth. 
176 66 3 .094 1847.70 MitcheL 

This object is found on the right 9ai of Capricorn. 
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e 2 CAPRicoBiri.--A. R. ss 20 h. 20 m. 43 s. Dec. == — . 19^ 06' 
04''. A double gtar between the right ear and the eye of the aiiimaL 
A 6, B 7, magnitude. 

Poe. SdO"" 09' Die. 2l".8 Epoch 1832.69 Smyth. 

The connexion is merely optical, as seems to be shown by the recorded 
measures. 

A Globulab CLrarxR.— a. R. ^ 20 h. 44 m. 39 s. Dec. = >— 
13® 07' 06". Between Aquarius and the neck of Capricorn, due eael 
of « CapricomL 

Discovered by Messier in 1780. 

Resolved by Herschel, and pronounced to be in the 243d order 4»f 
distances, and described by him as follows. <* It is a cluster of stars ol 
a round dgure, but the very faint stars on the outside of globular clusters 
are generally a little dispersed, so as to deviate from a perfectly circular 
form. .... There are many stars in the same field of view, but 
they are of several magnitudes, totally different from the excessively 
small ones which compose the cluster. - It is not possible to form an 
idea of the number of stars which form such a cluster, but we are not. 
taestimste them by hundreds.'* 

A FiNx Cluster A. R. = 21 h. 81 m. 16 s. Dec. = -— 230 

52^ 04". Under the caudal fin of the animal. 

Discovered by Messier in 1764, who saw it circular, and without 
any star. 

Resolved by Sir William Herschel in 1783. Examined by myself in 
September, 1847, and described as follows. An irregular cluster. It 
brightens at the center, and throws out three distinct radiations of stars. 
All are directed downwards, or towards the north. An 8th magnitude 
•tar precedes the cluster by about 5 minutes of arc Several stars ass 
in the field. 
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In closing our review of the constellations, we 
present the following table, exhibiting, for each 
month in the year, the rising, culminating, and set- 
ting of the visible constellations. 



Rising* 
Hercules, 
Corona Borealis, 
Bootes, 
Virgo, 
Crater, 

Pyxis Nautica, 
Argo Navis. 



JANUARY. 

Culminaling. 
Draco, 
Polaris, 
Camelopardus, 
Lynx, 
Gemini, 
Monoceros, 
ICanis Major. 



Seftins:, 
Cygnus, the neck, 
Pegasas, the hoofs, 
Pisces, the ribbon, 
Cetus, the body, 
Eridanus, 
Columba Noachi. 



TABLS OF CONSTELLATIONS* 



lOT 



H ercules^ — MhouUkrs, 

Serpens, ihe head^ 

Virgo, ike fdet, 

Corvus, 

Hydra, Urn lower fold. 



CjgaoBf^fofPg vmg 

Lyra, 

Hercules, fhe head, 

Ophiuchus, ihe head, 

Serpens, the middle, 

libra, 

Hydra, (he taU. 



Lacerta, 
Volpeciila, 
Sagitta, 
Aquila, Hie tatU, 
OphhidiuB, Hhe kneee, 

Scorpio, the head, 
Centaunia, the head. 



Andromeda, (kefiel, 
Pegasus, Me /orv lege, 
Equulua, the noee, 
Delphinus, the body, 
Antinous, 
Scorpio, the taU, 
Lupus, the head. 



Medusa's Head, 
Triangulum, 
Pisces, the N.JUik, 
P#gasus, the wing, 
Aquarius, shoulders, 
Capricornus,Me head, 
Sagittarius, the body: 
b2 



FEBRUARY. 

Culminaiing. 
Cygnus, the Urn, 
Cepheus, the knee, 
Polaris, 

Ursa Major, ^ofv Ugs 
Lynx, the tail, 
Cancer, the dawfi. 
Hydra, the head. 

MARCH. 

Lacerta, the back, 

Cepheus, the arm, 

Polaris, 

Ursa Major, hind legs, 

Leo, thejlank. 

Crater, 

Hydra, the body. 

APRIL. 

Andromeda, the body, 

Cassiopeia, Ike waist, 

Polaris, 

Ursa Major, the tail, 

Canis Venatici, Me 

forelegs, 
Vergo, the waist, 
Corrus, the taQ. 

MAY. 

Perseus, the head, 

Cassiopeia, the feet, 

Polaris, 

Draco, the tail, 

Bodtes, the body. 

Libra, 

Centaurus, the hand. 

JUNE. 

Auriga, the kids, 
Camelopardtts, 
Polaris, 
Draco, the body, 
Hercules, the back, 
Ophiuchus, 
Scprpio* Me t^. 



Setimgi 
Pisces, Me N. JUHh 
Aries, the fore legs^ 
Cetus, Me head, 
Eridanuf, 
LepuB, the fore legSf 
Canis JA»}.,hindhge 
Argo Navia. 



Andromeda>Me body, 

Triangulum, 

MuBca, 

Taurus, 

Orion, 

Canis M^j.,Me head. 



Andromeda, the feet, 
Medusa's Head, 
Taurus, Me hornSf 
Orion, Me head, 
Monoceros, 

Pyxis Nautica, 
Antlia Pneumatics. 



Auriffa, Me legs, 
Gemini, Me legs, 
Caneer, 

Hydra, M< heart. 
Crater, * 
Corvus, 
Centaiarus, Me head. 



Gemini, Me head. 
Cancer, Me body, 
Leo, the fore leg$^ 
Sex. Uranie, 
Corvus, 
Hydra, Me tail. 
Lupus, Me head. 



1 
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JULY. 



RUmg, 
Auriga, the toatsty 
Perseus, the feet, 
Mttsca, 

Aries, the head, 
Pisces, the tail, 
Aquarius, the legs, 
Sagittarius, the hips. 



Lynx, the hody, 
Gemini, Castor*s arm 
Auriga, the knees, 
Taurus, the head, 
Cetus, the mouth, 
Pisces Australia, 
Microscopium. 



Leo Minor, the head. 
Lynx, ihe hind legs, 
Gemini, the bodies, 
Orion, the shoulders, 
Eridanus, 
Cetus, the legs, 
App. Sculptoris. 



Leo Minor, <A6 My, 
Cancer, Ae hody, 
Canis Minor, — head, 
Monoceros, ihe neck, 
Orion, the leg, 
Lepus, the head, 
Fornax Chemica. 



Canes Venatici, 

Leo, the body. 

Hydra, the head, 

M!onoceros, 

Canis Major, — head, 

Lepus, body, 

Eridanus. 



Ciilminafing. 
Lynx, the head, 
Camelop^rdus, neck, 
Polaris, 
Draco, 
Lyra, 

Scutum Sobieski, 
Sagittarius, the head, 

AUGUST. 

Ursa Maj., the head, 

Polaris, 

Cepheus, the sceptre, 

Cygnus, the body, 

Vulpecula, 

Delphinus, 

Capricornus, neck. 

SEPTEMBER. 

Ursa Major, the body, 
Draco, Ae tail, 
Polaris, 

Ce^\keoB,head 4* body 
Pegasus, the chest, 
Aquarius, 
Piscis Australia. 

OCTOBER. 

Ursa Major, the taU, 
Draco, the tail, 
Polaris, 

Cassiopeia, the head, 
Andromeda, breast, 
Pisces, the ribbon, 
Cetus, the tail, 

NOVEMBER. 

Draco, the last coil, 
Ursa Minor, the head, 
Polaris, 

Perseus, shoulders, 
Aries, the body 
Cetus, the mouth, 
Fornax Chemica. 



SetHr^ 
Lynx, the hind legs, 
Leo Minor, the legs, 
Leo, the tail, 
Virgo, the shoulders^ 
Libra, 
Scorpio, the body. 



Leo Minor, 
Coma Bernices, 
Bodtes, the feet. 
Libra, 

Serpentarius, — leg*^ 
Sagittarius^ the imiuI» 



Canes Venatici, 
Bodtes, the knees. 
Serpens^ the head, 
Ophiuchus,(&e winti. 
Scutum Sobieski, 
Sagittarius, 
FiBCiB Australia. 



BodteS; the shoulder9. 
Corona Borealis, 
Hercules, shoulders, 
Ophiuchns, the head, 
Taurus Poniatowski, 
Capricornus, the head 
Piscis Australis. 



Hercules, the legs, 

Cerberus, et Ramus, 

Sagitta, 

Aquila, the body, 

Equulus, 

Aquarius, 

App. Sculptoris. 
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JUfing. 
Bodtes, 

Coma BemiceSy 
Leo, 

Sextans UranisB, 
Hydra, 
Argo Navis, 
Canis Major. 






DECEMBER. 

Cu\minatmff. 
Draco, the middle, 
Ursa Minor, haunch, 
Polaris, 

Camelopardus, body, 
Taurus, the head, 
Eridanus. 



Setting. 
Lyra, 

Cygnus, the head, 
Vulpecula, Vie legs, 
Pegasus, Uie head, 
Pisces, M« W,fish, 
Cetus, the taH, 
Fornax Chemica. 



N. B. The risings are taken alon^ the horizon, 
from the north, round by the east, to the south ; 
the culminations from the north horizpn, over the 
pole and zenith, and thence down to the south hori- 
zon ; the settings are reckoned from the north, by 
the west, round to the south. Polaris, though not 
always precisely on the meridian, is included in 
eveiy month as a guide. 
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CHAPTER V. 

THE FIXED STTARS — THEIR DISTANC3E AND MOTIONS — TIW 
MILKY WAY — CLUSTERS — NE»UU£. 

Thus far in our examination of the constellations, the stars 
have only been considered in their relations of apparent maffui- 
tude or brilliancy and position. Their absolute magnitudes, 
distances, motions, and positions, have hot been regarded, except 
as notices have been taken of a few among the telescopic objects. 
We propose to consider, now, the discoveries which have 
recently been made in sidereal astronomy ; and we commence 
with the parallax of the fixed stars. 

Definition.— The parallax of any heavenly body is the ap* 
parent change in its position, occasioned by any real change in 
the position of the spectator. 

Thus, if a person on the earth^s surface should, while looking ai 
the moon just rising, be suddenly transported down to the earth *8 
center, as he descended the moon would appear to ascend, and 
this seeming change in the moon's place is a parallactic change. 
The rapid apparent whirling of the forest trees, occasioned by fly- 
ing swiftly past them in a coach or car, is a similar effect from a 
like cause. More accurately, the moon's parallax is the angle 
formed at the moon's center by two lines, the one drawn tangent 
to the earth's surface, the other drawn to the earth's center. In 
case a spectator could be transported to the moon's center, at the 
instant she is risinj^ above the horizon of any place, and could 
see the earth's radius drawn to this place, uie two visual rays 
drawn to the extremities of this radius would form an angle at 
the eye of the observer, which would be the moon's horizontal 
parallax. These two visual rays and the earth's radius form a 
triangle, in which one side (the earth's radius) is known, the 
angles are readily measured, and hence it becomes possible to 
learn the value of the remaining sides, either of which measures 
the moon's distance from the earth. 

When, therefore, the parallax of any heavenly body is once 
determined, it is an easy matter to compute its distance. If one 
could be transported to a fixed star, when rising, and view from 
this position the earth's radius, the angle formed by the visual 
rays drawn to the two extremities of this radius, would be the 
. star's parallax. In consequence of the vast distance of the fixed 
stars, this angle, thus formed, is too minute to be appreciable ; 
BO instruments devised by human skill or science, can be eon* 
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ttructed 80 as to measure so minute a quantity. We are, there- 
fore, obliged to resort to some other method to determine the 
parallax of the stars. In case the earth were at rest in the 
uniTerse, there would be no possibility of ever measuring the 
distance of the fixed stars ; but its annual sweep around the sun 
in an orbit whose radius is about ninety-fiye millions of miles, 
transports the astronomer through space, around an orbit whose 
longest diameter is neai^Iy two hundred millions of miles. If, 
now, the observer send up a visual ray to a fixed star, when 
at one extremity of the loogeat diameter of the earth's orbit, and 
at the end of six months, when be shall have reached the other 
extremity of the same diameter, he send up a second Tisual ray 
to the same star, these two rays will stand upon a baae whose 
length is nearly two hundred nUlHom of nules, and the angle 
formed by them« at the fixed star, will be its parallax. To 
render this plainer, suppose a globe bright as the sun, and of a 
diameter equal to that of the earth's orbit, filled this grand cir* 
cumferoDce; the apparent diameter of such a globe, as seen 
from the star in question, would be its {^rallax* 

At first view it would seem almost impossible to remove a 
spectator so fari that a globe of two hundred millions of miles 
in diameter should shrink to a point almost imperceptible, or that 
by distance its diameter shoula become scarcely perceptible with 
the most powerful instruments; yet this is literally true. To 
measure this apparent diameter, or to obtain the angle of the visual 
rays drawn firom its extremities to a fixed star, has for more than a 
hundred years, called into requisition the higheat 6kiU, genius, 
and patience, ever put forth bf man. The prc&lem is no less, than 
the aetermination of the distances of the fixed stars. Three pro* 
cesses have b^n ^ployed in. the investigation of this problem, 
each of which, and its results, we shall snccinctly present, 

1. BaAnLXT^s Method.-— Suppose a telescope bolted firmly to 
a solid rock, hewn in the form of a vertical riialt This roek 
IS absolutely immovable, and the telescope is so situated that 
its axis is exactly vertical, and is peifeotly immovable. In the 
^cus of tha aje piece of the telescope, let two spider's webs of 
the finest texture cross each other at right angles, and by their 
intersection for^ a point of almost mathematical minuteness, 
precisely in the axis of the telescope. With this instmmeni the 
asti^onoineT is prepared to commence his research of the parallax 
of a fixed atar. Placing his eye to the instrument, he watohea 
until a certain fixed star enters the field of the telescope. It 
actually threada like a bead of light, the spider's line drawn , 
parallel la the direction of the star's apparent diurnal motioo ; it 
moves on, and the ptecise instant when it reaches the interaeetion 
of the spider's lines is noted and recorded, and thus the firat 
observation is terminated. Now the telescope, its rocky \mk 
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and the obserrer, are oarried by the earth round the sun, and in 
case any change in the apparent place of the star is occasioned 
by the reyoluticm of the earth in its orbit, as the star is watched 
night after night, throoprhout the ^ear, it will be found slowly 
to leaTe the spider's line which it at first threaded, and gradu- 
ally to more either towards the north or south, while it tails to 
cross the center at tb6 exact instant of time first recorded. A 
little thought will render clear this beautiful and siiqple method 
of ascertaining the parallax, or apparent change of place, of the 
fixed stars. Such was mainly the method employed by Bradley, 
the ffreat finglish astronomec. . Its accuracy was wonderful, b^t 
it faOed to detect any -parallax. Buried in depths almost infinite* 
the stars escaped from ibis first scrutinizing process. 

2. Herscbel's Method*. — ^tn the outset of Herscher8explora»> 
tions among the double stars, he believed them to be only 
optically related ; that is, their proximity was occasioned by 
the fact that the visual ray drawn by the observer to one star^ 
passed almost exactly through the other^ In case then, two 
stars could be found veiy near to each other, of whose compo- 
nents the one was about double the other, it was fair to conclude 
that the smaller was twice as remote as the larger, and if 
properly chosen, the annual revolution of the earth in its orbit 
could hardly fail to cause some change in the relative positions 
of these stars. Suppose that on the first of January the small 
star is seen exactly on the right of the large one ; at the end of 
three months it is seena little to the south and just under the 
large one; at the close of six months it is to the left; at 
the ipnd of nine months it is Just above and a little north of the 
large star; and when the year closes it comes to resume its 
primitive position. In case such changes are repeated from 
year to year, and in the same order, and in many double stars* 
It is impossible to resist the conetusion , that it is a paiallaetic 
change. Such was the method practised by Herechel, but as 
unforeseen discovery destroyed the hope of detecting the parallax 
in this way. It was found that these doable stars, in many 
instances at least, were not merely related by aocidental positiont 
but were actually united by the great law . of universal graTits* 
tion ; one star or sun revolving aboqt the other, or rather the two 
suns rsTolving about their common center of gravity. The actual 
motion^ became, in this way, so involved in these only apparent or 
parallactic motions, that to distinguish them became impossible. 

These methods then failed to reveal the distances of the stars, 
although they were not without results of the most important 
character, ana without a knowledge of which, the problem of the 
parallax could never have been resolved* Bradley discovered the 
nutation and aberration of the fixed stars, while Herschel reached 
the grand fact of the binary character of the double stars. 
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3. Bkssbi.'8 Method. — After moanting^ a large telescope call* 
ed a heliometer, peculiarly adapted for the microinetrical measure 
of larffe as well as minute distances amonff the double stars, 
BesseT selected 61 Cygni as the object on which he deterniined 
to concentrate his entire attention. This doable star was eligi* 
bly situated in the heavens, and could be observed nearly eveir 
month in ^e year. It had near it several minute stars which 
could be used as points of reference, and finally the rapidity of 
its proper motion indicated its probable nearness to our sun and 
system. Bessel selected two minute stars as points of reference, 
the one in a line nearly perpendicular to the middle point of the 
line joining the eooiponents of 61 Cygni, the other in the direc- 
tion of this line. With the heliometer he measured the distance 
of the middle point of the line joining the components of 61 
Cygni, from each of the points of reference, 16 times each night, 
ana finally detected a change in these distances which seemed 
to depend on the orbitual revolution of the earth. Some three 
years of observation confirmed the accuracy of the first results, 
and gave the parallax of this doable star equal to 0".3480, or only 
about three-tenths of one second of arc, so that if a globe of 
100,000,000 of miles in diameter, could be seen from this fixed 
star, its diameter would not appear greater than about the six- 
thousandth part of the sun's apparent diameter. The parallax 
once obtained, the distance is readily deduced, and is found to be 
657,700 times greater than the earth's distance from the sun, or 
so remote that the light of the star only reaches us after a jour- 
ney of more than ten years^ although it flies at the rate of twelve 
millions of miles in every minute. 

The distance of the double star being known, observation 
gives us about 540 years for the period in which the components 
revolve around their common center oi gravity in an orbit whose 
diameter is about ninety times the diameter of the earth's orbit, 
while the amount of matter in these two stars is a little less than 
half that contained in our sun. 

Since Bessel determined the parallax of 61 Cygni, other 
astronomers have pursued the investigation with success. The 
following have been deduced by the Russian astronomer M. 
Peters, and announced in a recent work by M. Striive, of 
Pulkova. 

Absolute parallax of 61 Cygni 
•* «« - Lyr« 



" " Pofaris 

" " Groombridge No. 1830 

" " « AurigJB or Copella 



M it 



Ursa Major 
a Bodtis, Arcturis 



00".349. 

00 .103. 

00 .067. 

00 .226. 

00 .046. 

00 .133. 

00 .137. 
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From the table it is readily aeen that 61 Cygai it the neareit 
of all the fix^d stars whose distanoes have been discovered, 

M. Striive, bjf a beautiful train of reasoning, deduces the rela- 
tfre distances of the stars of the various magnitudes, from the 
Ist to the 6th magnitude inclusive, and finds them to constitute 
a geometrical progression whose common ratio is 1 divided by 
the square root oif 3. Calling the distance of the 6tli magni- 
tude stars 10.000 he finds 



Ma|piitad6. 


Ditb determraecl. 


Gompated 


6 


1.0000 


10000. 


5 


0.6998 


0.7071. 


4 


0.5001 


0.6000. 


3 


0.3608 


0.3536. 


2 


0.3413 


03500. 


1 


0.1434 


0.1768. 



It will be seen that the numbers in the two columns scarcely 
differ, except in the case of stars of the Ist magnitude, and here 
too few exist to furnish M . Striive with the requisite data for 
his computations. So that this most curious law of distances 
would seem to be founded in nature. £very even term is half 
the preceding even one, and the same of every odd term. 

If it were now possible to determine the absolute mean 
distance of the stars of any one magnitude, the real distances 
of all other magnitudes would readily be derived from this 
remarltable law. This has been approximately accomplished 
by the Russian astronomers. From the actual parallax of about 
thirty stars of the 3d magnitude, the value of the mean parallax 
of all the stars of that magnitude has been derived, and we 
are now able to present the following table: 

App. mag. Parallax. 

1 00". 166 

3 00 .098 

3 00 .065 

4 00 .047 

5 00 .034 

6 00 .034 

7 00 .014 

8 00 .008 

9 00 .006 

It is not pretended that these results are absolute. These 
ralues are only approximate, but the errors are comparatively 
•mall ; and show, to us clearly, the vastness of the universe 
of God. 
S 



Dimanee (radius of ) 
Earti|*a orbit » 1). ( 


Time for light to 

i CUinM lit yr: IM. 'i 


1,316.000 


19.6 


3,111.000 


33.3 


3,151.000 


49.7 


4,375.000 


69.0 


6,131.000 


96.6 


8,746.000 


137.9 


14,330.000 


334.5 


34,490.000 


386.3 


37,300.000 


586.5 


334,500.000 


3541.0 
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Haying learned in this way the distances of the fixed stars, 
the inaairy arises, how are these objects distributed throughout 
•pace f Are they scattered indifferently in all directions, and at 
distances nearly equal from each other, or is their distributioa 
goTwned by any attainable law? The bright circle of light 
called the Milky Way^ which sweeps round ue entire circuit of 
the hearens, and which to the naked eye appears only faintly 
luminous, when examined with the telescope, is found to consist 
of millions of stars, crowded and condensed together with the 
most extraordinary richness and profusion. Herschel conceived 
the idea of measuring the depths to which the stars extended in 
the Milky Way, and by reaching out beyond its extreme limits, 
ascertaining the figure which would be formed by cutting this 
Tast bed of star$ by a plane drawn perpendicularly to its surface. 
It is manifest, that if the stars are all at equal distances, and 
finite in number, that wherever the stratum extends deepest 
into space, there will we be enabled to count the greatest 
number of stars in' the field of a given telescope. And indeed, 
the numbercounted in any two direetions, by the same telescope, 
will give the relative depth to which the stars extend at these 
two points. Such was Herschers plan of tomidif^ the Milky 
Way, and of learning its figure. With the full power of his 
twenty feet reflecting telescope, he thought it possible to pierce 
through even ihe deepest portions of the Milky Way, and to 
send the visual, ray far beyond. This idea, so long maintained 
by the followers of Herschel, has recently been attacked by 
Prof. Strtive of Pulkova, who maintains that it was abandoned 
by Herschel himself in his later papers. Sir John Herschel 
does not accord with the views or Str&ve, but maintains the 
original opinions of his father. 

From the investigations of the two Herschels, the vast stra- 
tum of stars, called the Milky Way, appears to be arranged 
under the figure of a flat ring, whose thickness is small when 
compared with its diameter. The central parts of the ring are 
not so thickly strewn with stars as the outer portions or circum- 
ference. ^The rim is divided into two branches, or streams of 
stars, which diverge from each other for a certain distance, bat 
finally re-unite and flow on together. The two Herschels have 
made a sufficient number of observations to determine the fiffiire 
cut from this bed of stars by a plane perpendicular to its surtace, 
and cutting across the portion where the two streams are most 
distant from each other. There are portions of the Milky Way 
included in this section, in which it is said,' the stars extend so 
deep in space that the series in a right line, from the sun out to 
the extreme limit, cannot number less than five hundred, stars, 
each as remote from the other as 61 Cygni is from our sun. lo 
case we admit this statement, there are stars belonging to oqi 
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Bfilky Way so widely saparatad, Uiat their light will require 
more than ten thousand years to pass from one to the other, or 
to sweep across the Jongest diameter of this mighty universe 
of stars. 

If 8triiye*s idea of the absolute unfathomable character of the 
Milky Way be adopted, it only inoreasea the sweep or mnge of 
sons and systems, grouping them into suborduiate clusterings, 
and uniting them into one unbounded, immeasurable, innumer<^ 
able, whole. In whatever way, under whatever aspect, we 
contemplate this vast constellation of constellations ; this mag- 
nificent cluster of clusters ; the number, distance, magnitude, and 
brilliancy, of its components, cannot fail to fill the mind with 
wonder and astonishment. 

Admittipg that the telescopic vision sweeps beyond tbe limits 
of the Milky Way, it may be asked, what does the eye encounter 
in these remote regions ? Many objects lying in these far distant 
portions of space, have already been noticed among the tele- 
scopic objects of the different constellations. These are the 
ehuUn andnebuim. By a careful examination of these wonder- 
ful objects, Herschel finally reached the conclusion, that all tlie 
clusters, and many of the nebule, were immense ag^gations 
of stars, forming.separate universes, as extensive and rich as the 
Milky Way itself. He even ventured to attempt the measure of 
the relative depths of these remote objects. His method is 
simple, and may be readily comprehended. The naked eye can 
discern stars of the sixth magnitude, or those twelve times as 
remote as Sirius, the largest and brightest star in the heavens. 
In case the pupil of the eye could be expanded to twice its present 
dimensions, it could then penetrate twice as deep into space as 
it now can, or would see Sirius if it were removed backward 
twenty-four times deeper into space. Now, although the pupil 
of the eye cannot literally be expanded to twice or thrice its 
present size, the telescope comes in to accomplish precisely the 
same effects ; and admitting that an object glass permits all the 
light which falls on it to pass through, its power to penetrate space 
will be in the ratio of its surface to that of the pupil of the human 
eye. By covering a large object glass with circular coverings, 
pierced with apertures of one inch, two inches, &c., diameter in 
the center, we may give to it, at pleasure, different space penetra- 
ting powers. Fixing the relation of these to the eye, we are pre- 
pared to examine any object, and determine, approximately, its 
distance. Suppose a nebula is seen faintly visible, with three 
inches of aperture to the object glass. We expand the aper* 
ture to four inches-— it appears brighter, but no stars are seen. 
We increase the aperture to five inches, the nebula grows still 
brighter at the center, but as yet no point-like stars are visible ; 
a farther increase to six inches, however, shows the object to 
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eonsist of millions of minate stars, jimt rendered yisible to the 
eye. Now the length of the Tisaal ray of the telescope, com- 
pared with that of the unaided ^e, is readily determined ; and 
knowing this, we learn, approximately^ the distance of' this 
ciaster of stars. In this way Sir W. Herschel determined the 
profundity of all the prtneipal clusters. 

Some of the nebul« could not, hy any space pene^ting power 
of his great telescopes, be resolved into stars. Their shapes 
were irregular, ana their outlines ill defined. Some were 
easily visible to the naked eye, and yet no telesc<^c power 
could resolve them into stars. Others were found to contain 
occasional stars, with centers of more or less condensed light ; 
finally, stars were found surrounded by a nebulous haze of rest 
extent, whose center was occupied by the star. Examininff and 
comparing all these phenomena, Herschel finally reachea the 
conclusion, that while vast numbers' of apparent nebnlie were 
real clusters of stars, yet there were some m which the material 
composing them was a kind of luminous mist, like that forming 
the tails of comets. He conjectured that this chaotic matter 
might possibly furnish the material out of which, by condensa* 
tion, stars might be forming. The nebulous stars, as well as 
the planetary nebula, seemed to accord very perfectly with this 
hypothesis. Doable and triple nebul« were found, from which 
the double and triple stars might eventually spring, and thus 
grew up, imperceptibly, the ouSines of a magnificent theory, a 
sort of sublime cosmogony of the universe. These speculations, 
enlarged by La Place, as we shall see hereafter, were made to 
render an account of the sun and planets, and the pecnliar 
arrangement of the solar system. The nebular theory, as it is 
termcS, had for a long while its ardent supporters, and if not 
absolutely adopted by distinguished astronomers, at least, it was 
received by them with no inconsiderable favor. The resolution 
of the nebula in Orion, by Lord Rosse, and by Prof. Bond, of 
Cambridge, has in some degree shaken the faith of some in this 
lemarkable hypothesis, while it is justly remarked, that Herschel 
only adopted it after the resolution of hundreds of nebnlip. 
• In isase we abandon the idea of chaotic matter existing in 
space, and adopt the notion that the filmy, almost spiritual, 
objects, which barely stain with light the blue of the heavens, 
are immense congeries of stars, it only expands our knowledge 
of the illimitable extent of the universe of God. Some of these 
objects are so remote, that a hundred thousand years must roll 
away, before the light which they emit could traverse the dis- 
tance by which we are separated from them. 

Many of the clusters of stars appear under globular forms, and 
from the manifest condensation about their centers, seem to in- 
dicate the existence of some active energetic power, like gravita- 
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tiflii, which it exerting its inilaenee on the indWidaa] stars ef 
these grand systems. The extension of the law of universal 
gravitation to the region of the fixed stars, was long believed, 
before it coald be positively demonstrated. By the discovery of 
the binary or revolving sans, this eonjectare became a positive 
fact. In a large number of instances, the orbits described by these 
bodies around their common centers of gravity, have been com- 
puted according to the laW of gravitation, and in every instance 
the predietions have been verified. That stars do attract each 
other is now positively demonstrated, and the law of attraction 
is the inverse ratio of the square of the distance, or that of gravita- 
tion. If two or three stars, grouped together, are subject to this 
law, it is reasonable to conclude that larger collections, such as 
the Pleiades, or Comil Berenices, may be under the controlling 
power of the Same foroe. And if this be true, wh v not extend its 
operation to the mighty cluster of clusters, the Milky Way itself. 

This has been done recently by M. Mftdler, of Dorpat, Russia, 
and he thinks he has determined, approximately, the center of the 
stratum of stars, or th^ aghal tysUm^ composing the Milky Way. 
By comparing the absolute places of the fixed stars, at intervals 
of one or two hundred years, it is found that a large number of 
them are in motion, and with an appreciable velocitv. This is 
not merely apparent, but in many tnstanoes must be absolute 
change of place in space. Some stars are moving very swiftly, 
and exhibit their progressive changes in a few months ; while 
others, again« move with such extreme slowness, that even 
hundreds of years are necessary to render their change appre- 
eiable. It seems quite as reasonable to Suppose that these com- 
plex and involved motions of the distant stars, should be 
goremed by some simple and beautiful law, as that the planets, 
whose apparent motions were far more complicated, should be 
reduced to order and simplicity. This great task of unravelinff 
the complicated phenomena of the proper motion of the fixed 
stars, has been attempted by the Russian astronomer. 

It had long been conjectured that the analogy existing in the 
solar system would hold among the systems of stars. And that 
as the sun was vastiy larger than his revolving planets, and as 
each primary planet was much superior to his revolving moons, 
so there mi^rht exist in space some mighty eeniral awi^ whose 
vast proportions would far exceed all the stars subject to its con- 
trolling influence. This analogy was broken by the discovery 
of the binary stars. Here we find many, instances in which the 
components are exactly equal in magnitude ; others, again in 
which the one is slightiy superior to the other ; in short, alfpossi- 
ble relations of magnitude* This does not interfere with the sta- 
bility and perfection of the systems. The components revolve 
about their common center of gravity as though it were filled 
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with a mass of solid natter. Midler rejeete the idea, tfaeiav of 
the existence of any vast central globe, and argues that in case 
it existed, it would be impossible to preveotitsdisoovt^ry. I^e 
stars io its immediate neighborhood would reveal it by their sij^ift- 
er proper motions ; as no such motions are known« or have ever 
been discovered, it is fair to conclude that none such exist, and 
that there is no central predominant orb^ but a mere center of 

Sravity^ which should be the object of research. By a train of 
eautitui and ingenious reasoning, he demonstrates to his own * 
satisfaction, that this central point must be found somewhere id 
the Milky Way, and finally locates it in. the duster called the 
Pleiades, The brightest star of the group is called Aleyone or 
« Tauri, and the star at present occupies the center of gravity 
of the grand stratum of stars oomposing the JUt/^ Way^ and 
around this center all the millions ot stars are slowly perfoiming' 
their vast revolutions. 

Among these our own sun and system is comprehended, and 
Madler estimates that one single revolution of the sun aroond 
this distant center requires no ku than eighteen miUione two hun^ 
dred thoueand yeariB. The distance of Alcyone from oar sun 
cannot be less than thirty-four millions of times the radius of 
the earth's orl^it. Should the universe endure so long, at the end 
of nine or ten millions of years, the revolution of the sun in its 
orbit will cause a total change in the apparent relative positions 
of the fixed stars. The present well known constellations will 
have been swept from the heavens, and new configurations of 
the stars will have usurped the places of the old ones. No 
new creation will cause these changes, but they come as Jthe in* 
eyitable consequences of the motion of the solar system. When 
we shall have examined the construction of this system, we shall 
then present the evidences of its swift translation through #pace. 
It. seems next to impossible to estimate the number of fixed 
Stars constituting our own astral system. Catalogues of all the 
brighter stars have been formed. Some of these contain even fifty 
thousand stars, obsenred by a single indiyidual. Struve reaches 
the conclusion, that Herschel's twenty feet reflector could reach 
no less than twenty * millions three hundred and./seventy-foor 
thousand stars in the celestial sphere ; and it has been estimated 
that the forty feet instrument would carry the number up to at 
least one hundred millione. 

Let it be remembered that these stars compose but a single 
astral system, or as the Germans term them *^ Island Universes.'* 
More than three thoumnd of these systems have been discovered, 
some of them doubtless far more magnificent and pop«louB in 
stars than our own ; and yet all these innumerable worlds and 
suns and systems have been brought within the range of human 
Tision by the powers of the telescope* 
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The power of this instrument in penetrating space is only 
equaled by its extraordinary capacity to diride space. The 
micrometer of the great refractors now in use, can divide a single 
inch into eighty thousand equal parts ! and should two close fixed 
stars commence to separate from each other by so small a quan* 
tity that eren three millions of years would be required for a 
complete revolution in the heavens, these delicate instruments 
woald detect the motion in a single year. With such instru- 
ments, it is not wonderful that human genius dares the most dif- 
ficult researches. 



313 GEOGRAPHY OF THE HEAVERS. 



CHAPTER VI. 

GENERAL PHENOMENA. OF THE SOLAR STSTEM. 

Thus far our attention has been directed to the phenomena of 
the sidereal beavens. The names, positions, and relative mag- 
nitudes of the stars ; their cb^anges of light, proper motion, and 
physical association into systems of greater or less complexity, 
have been considered and explained. The mind has penetrated 
but a comparatively short distance in its investigations of the 
starry heavens, and a great qiany mysterioas points yet remain 
to be explained. The phenomena of the new stars, of the lost 
stars, of the nebnlous stars, of the variable stars, all remain 
without satisfactory explanation. Advances are constantly 
making; and reasoning from past success, the future may be 
looked forward to with the highest anticipations. The confir* 
tiiation or disproof of the nebular theory, and of Maedler's 
hypothesis of the central sun, will probably in a few years 
reward the diligent and unremitting researches of philosophers. 

Leaving the region of the fixed stars, there now remain to be 
considered certain other celestial bodies, all of which, from their 
remarkable appearance and changes, and some of them from 
their intimate connection with the comfort, convenience, and 
even existence of man, must have always attracted especial 
observation, and been objects of the most mtense contemplation 
and the deepest interest. Most of these bodies are situated 
within the limits of the Zodiac. The most important of them 
are, the Sun, so superior to all the heavenly bodies for its 
apparent magnitude, for the light and heat which it imparts, for 
the marked effects of its changes of position in regard to the 
Earth ; and the Moon, so conspicuous among the bcraies which 
give light by niffht, and from her sofl and silvery brightness, so 
pleasing to behold ; remarkable not only for changes of position, 
but for the varied phases or appearances which she presents, 
as she waxes from her crescent form through all her difiereiit 
stages of increase to a full orb, and wanes back again to her 
former distinguished figure. 

The partial or total obscuration of these two bodies, which 
sometimes occurs,— darkness taking place even at mid-day, and 
the face of night, before lighted up by the moon*^ beams, being 
<nddenly shaded by their absence,— have always been among 
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the most striking astronomical phenomena ; and so powerful in 
their influence upon tlie beholders, as to fill them with perplexity 
and fear. If we obserTo these two bo4ies, we shall find, that, 
hesides their apparent diurnal motion across the heavens, they 
exhibit other phenomena, which must be the effect of motion. 
The sun, daring one part of the year, will be «een to rise every 
day further and further toward the north, to oontinue longer and 
longer above the horizon, to be more and more elevated at mid* 
day, until he arrives at a certain limit; and then, during the 
other part, the order is entirely reversed. The moon sometimes 
is not seen at all; and then, when she first becomes visible, 
appears in the west, not far from the setting sun, with a slender 
crescent form. Every night she appears at a greater distance 
from the setting sun, increasing in size, until at length 8he is 
found in the east* just as the sun is sinking below the horizon 
in the west. 

The sun, if his motions be attentively observed, will be found 
to have another motion, opposite to his apparent diurnal motion 
from east to west. This may be perceived distinctly, if we no- 
tice, on any clear evening, any bright star, which is first visible 
after sunset, near the place where he sunk below the horizon. 
The following evening, the star will not be visible on account 
of the approach of the sun, and all the stars on the east of it 
will be successively eclipsed by his rays, until he shall have 
made a complete apparent revolution in the heavens. These are 
the most obvious phenomena exhibited by these two bodies. 

There are, also, situated within the limits of the zodiac, cer- 
tain other bodies, which, at first view, and on a superficial exa« 
mination, are scarcely distinguishable from the fixed stars. 
But obsenred more attentively, they will be seen to shine with 
a milder and steadier light ; and besides being carried round 
with the stars, in the apparent revolution of the great celestial 
concave, they will seem to change their places in the concave 
itself. Sometimes they are stationary ; sometimes they appear 
to be moving from west to east, and sometimes to be going back 
again from east to west; being seen at sunset sometimes in the 
east, and sometimes in the west, and always apparently chang- 
ing their position with regard to the earth, each other, and the 
other heavenly bodies. From their wandering, as it were, in 
this manner, through the heavens, they were cal&i by the Greeks 
r\tfn*tdu, planets, which signifies wanderers* 

There also sometimes appear in the heavens bodies of a very 
extraordinary aspect, which continue visible for a considerable pe« 
nod, and t^eii^isappearfrom our view; and nothing more is seen 
of them, it may be for years, when they again present themselves, 
and take their place among the bodies of the celestial sphere. 
They are distinguished from the planets by a dull and cloudy 
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appearance, and by a train of li|fhu As they approach the 8nn« 
howeveiv their faint and nebaloua light becomes more and more 
brilliant, and their train increases in lengthy until they arriTe at 
their nearest point of approximation, when they shine with their 
greatest brilliancy. As they recede from the son, th^ gradually 
lose their splendor, resame their faint and nebnious appearance, 
and their train diminishes, until they entirely disappear. They 
have no well defined figure; they seem to move in erery possible 
direction, and are found in every part of the heavens. From 
their train, they were called by the Greeks xo^Ttfi, comets, 
which signifies having long hair. 

The causes of these various phenomena must have early con- 
stituted a very natural subject of inquiry. Accordingly, we 
shall find, if we examine the history of the science, that in very 
early times there were many speculations upon this subject, and 
. that different theories were adopted to account for these celestial 
appearances. 

The Egyptians, Chaldeans, Indians, and Chinese, early possessed. 
many astronomical fects, many oliservations of important phenomena, 
and many rules and methods of astronomical calculation ; and it has 
been imagined, that they had the ruins of a great taystem of asteonomicai 
science, which, in the earliest ages of the wori<]» had been carried to a 
great degree of perfection, and that, while the prindpies and explanations 
of the phenomena were lost, the isolated, unconnected facts, rules of cal- 
culation, and phenomena themselves, remained. Thus, the Chinese, 
who, it is generally agreed, possess the oldest authentic observations on 
pecord, have recorded in their annals a conjunction of five planets at the 
same time, which happened 2461 years before Christ, or 100 years be- 
fore the flood. By mathematical calculation, it is ascertained that this 
conjunction really occurred at that time.' The first observation of a solar 
eclipse, of which the world has any knowledge, was made by the Chi- 
nese, 2128 years before Christ, or 220 years after the deluge. It seems, 
also, that the Chinese understood the niethod of calculating eclipses; for, 
it is said that the emperor was so irritated against the great offioen of 
state for neglecting to predict the eclipse, that he caused them to be put 
to death.* The astronomical epoch of the Chinese, according to Bailly, 
commenced with Fohi, their first emperor, who flourished 2952 years 
before the Christian era, or about 350 years before ihe deluge. 

If it be asked how the knowledge of this antediluvian astronomy was 
preserved and transmitted, it is said that the columns on which it was 
registered have survived the deluge, and that those of Egypt are only 
copies, which have becomf originals, now that the others have been for- 
gotten. The Indians, also, proless to have many celestial (^tsenrations 
of a very early date. The Chaldeans have been justly celebrated in all 
ages for their astronomical observations. • When Alexander took Baby- 

* It 18 well known that the Chinese have, from time Immemorial, conRid^red 
their solar eclipses and conjunctions of the planets af< prognostics of importance 
to Uie empire, and that they have been predicted as a matter of state policy. 
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lon« iuM preceptor, CaliutheriM, found a series of ChalJenn observations, 
made in that dty, and extending back, with little interruption, through a 
period of 1903 years preceding that event This would carry us back 
to at least 2334 years before the birth of Christ, or to about the time of 
the dispersion of mankind by the confusion oH tongues. Though it be 
conceded that, upon this whole period in the history of the science, the 
oltacurity of very remote antiquity must necessarily rest, still it will remain 
evident that the phenomena of the heavenly bodies had been observed 
with great attention, and had been a subject of no ordinary interest 

But, however numerous or important were the observattunei of oriental 
antiquity, they were never reduced to the shape and symmetry of a regu- 
lar ayttem. 

The Greeks, in all probability, derived many notions in regard to this 
scienoe, and many facts and obeervatiotis, from Egypt, the gveat fountain 
of ancient learning and wisdom, and many were the speculations aiid 
hypotheses of their philosophers. In the fabulous period of Grecian 
history, Atlas, Hercules, Linus and Orpheus, are mentioned as persons 
diistinguished for their knowledge of astronomy, and for the improvements 
which they made in the science. Biit, in regard to this period, little 
is knovm with certainty, and it must be amsideredy as it is termed, 
falnUoua, 

^ The first of the Grei^k philosophers who taught astronomy, 
was Thales, of Miletus. He flourished about 640 years before 
the Christian era. Then followed Anaximander, Anaximenes, 
Anaxagoras, Pythagoras, Plato. Some of the doctrines main- 
tained by these philosophers were — that the earth was round; 
that it had two motions, a diurnal motion on its axis, and an an- 
nual motion around the sun; that the sun was a globe of fire; 
that the moon received her Jight from the sun ; that she was 
habitable, contained mountains, seas, &c.; that her eclipses were 
caused by the earth's shadow; that the planets were not de- 
signed merely to adorn our heavens; that they were worlds of 
themselves; and that the fixed stars were centers of distant 
systems. Some of them, however, maintained that the earth 
was flat; and others, that, though round, it was at rest in the 
center of the universe. 

When that distinguished school of philosophy was established 
at Alexandria, in Kgypt, by the munificence of the sovereigns to 
whom, that portion of Alexander's empfre had fallen, astronomy 
leceived a new impulse. It was now, in the second century 
after Christ, that the first complete system or treatise of astro- 
nomy, of which we have any knowledge, was formt^d. All be- 
fore had been unconnected and incomplete. Ptolemy, with the 
opinions of all antiauity, and of all the philosophers who had 
preceded him, spreaa out before him, composed a work, in thir- 
teen books, called the MtyaxH EurrA^Ki or Great System. Re- 
jecting the doctrine of Pythagoras, who taught that the sun was 
&e center of the universe, and that the earth had a diurnal tto 
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tioD on its' axis and an annaal motion around the sun, as contrary 
to the evidence of the senses, Ptolemy endeayored to account for 
the celestial phenomena, by supposing the earth to be the center 
of the universe, and all the heavenly bodies to revolve around it. 
He seems to have entertained an idea, in regard to the supposi- 
tion that the earth revolved on its axis, similar to one which 
some entertain even at the present day. *^ If," says he, ** there 
were any motion of the earth, common to it and all other heav- 
enly bodies, it would certainly precede them all, by the excess 
of its mass being so sreat ; ana animals, and a certain portion 
of heavy bodies, would be left behind, riding upon the air, aud 
the earth itself would very soon be completely carried out of the 
heavens.*' 

In explaining the celestial phenomena, however, upon his hypothesis, 
he met with a difficulty in the apparently stationary attitude and retro- 
grade motions which he taw the planets sonietimes have. To explain 
this, however, he supposed the planets to revolTe in small circles, which 
he called epicycles, which were, at the same time, canried around tiie 
earth in larger circles, which he called ditferents, or canying drcles. In 
following out his theory, and applying it to the explanation of di^rent 
l^enomena, it became neoessaiy to add new epicycles, and to have re* 
course to odier expedients, until the system became unwieldy, cumbrous, 
and complicated. This theory, although astronomical observatiQiis con- 
tinued to be made, and some distinguished astronomers. appeared firmn 
time to time, was the prevailing theory until the middle of die fifteenth 
century. It was not, however, always received with imjdidt confidence ; 
nor were its difficulties aiwaya entirely unappreciated. 

Alphonso X, king of CasUle, who flounshed in the thirteenth century, 
when contemplating the doctrine of the epicycles, exckumed, *' were the 
uniTcrse thus constructed, if the Deity had called me to Ins counsels at 
the creation of the world, I could have giyen him good adyice." He did 
not, however, mean any impiety or irreverenoe, except what was directed 
against the system of Ptolemy. 

About the middle of the fifteenth century, Copernicus^ a native 
of Thorn, in Prussia, conceiving a passionate attachment to the 
study of astronomy, quitted the profession of medicine, and de- 
voted himself, with the most intense ardor, to the study of this 
science. ** His mind,** it is said, ** had long been imbued with 
the idea that simplici^ and harmony should characterize the ar- 
rangements of the planetary system. In the complication and 
disorder which, he saw, reigned in the hypothesis of Ptolemy, 
he perceived insuperable objections to its being considered as a 
representation of nature." 

In the opinions of the Egyptian sages, in those of Pythagoras, 
Philolaus, Aristarchus and Nicetas, he recognised his own ear- 
liest conviction that the earth was not the center of the universe. 
His attention was much occupied with the speculation of Afai^ 
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tinnt Oapella, who placed the son between Mars and the moon, 
«nd made Mercury and Venus revolye around him as a center; 
and with the system of Apjpollonius Pergceus, who made all the 
planets revolt e around the sun, ^hile the sun and moon were 
carried around the earth, in the center of the universe. '* ' 

The examination, however, of these hypotheses gradually ex- 
pelled the difficulties with which the subject was beset, and, 
after th6 labor of more than thirty years, he was permitted to see 
the true system of the universe. The sun he consideried as im- 
movable, 1n the center of the system, while the earth revolved 
around him, between the orbits of Venus and Mars, and pro- 
duced, by its rotation about its axis all the diurnal pbenomena 
ef the celestial sphere. The~ other planets he consioered ^s re^ 
▼olving about the sun, in orbits exterior to that of the earth. 

Thus the stations and retrogradations of the planets were the 
necessiiry consequence of their own motions, combined with that 
of the earth about the sun. He said that, " by long observation, 
he discovered, that, if the motions of the planets be compared 
with that of the earth, and be estimated according to the times 
in whibh they perform their revolutions, not only their several 
appearances would follow from this hypothesis, but that it 
would so conn^t the order of the planets, their orbits, magni- 
tudes, and distances, and even the apparent motion of the fixed 
st^rs, that it would be impossible to remove one of these bodies 
out of its place without disordering the rest, and even the whole 
of the universe also.*' 

Soon after the death of Copernicus/ arose Tycho Brahe, bom 
at Knudstorp, in Norway, in 1546. Such was the distinction 
which he had attained as an astronomer, that, when dissatisfit^d 
with his residence in Denmark, he had resolved to remove, the 
king of Denmark, learning hie intentions, detained him in the 
'kingdom, by presenting him with the canonry of Rothschild, 
with an income of 2000 crowns per annum. He added to this 
sum a pension of 1000 crowns, gave him the island of Huen, 
and established for him an observatory, at an expense of about 
300,000 crowns. Here Tycho continued, for twenty-one years, 
to enrich astronomy with his observations. His observations 
upon the moon were important, and upon the planets, numerous 
and precise, and have formed the data of the present generaliza- 
tions in astronomy. He, however, rejected the system of Coper- 
nicus ; considering the earth as immovable, in the center of the 
system ; while the sun, with all the planets and comets revolving 
around him, performed his revolution around the earth; and, in 
the course of twenty-four hours, the stars also revolved about the 
central body. This theory was not as simple as that of Coper- 
nicus, and involved the absurdity of making the sun, planets* 
&c., revolve around a body comparatively insignificant. 

T 
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Near the close, of the 16th century » arose two. meii, wha 
wrought most important chapgea in the science, Keplef ludd 
Galileo ; the former a German, the latter an Italian. . 

Previous to Kepler, all investigations proceeded. upon the aup- 
position that the planets moved in circular orbits, which had 
been a source of much error. This supposition Kepler showed 
to be false. He discovered that their orbits were ellipses. The 
orbits uf their secondaries, or moo^s, he also found to be the same 
curve. He next determined the dimensions of the orbits of the 
planets, and found to what their velocities in their motions 
through their orbits, and the times of th^ir revolutions, were 
proportioned ; all truths of the greatest importance to the science. 

While Kepler was making these discoveries of facts, very 
essential for the explanation of many phenomena, Galileo was 
discovering wonders in the heavens never before seen by the eye 
of man. Having improved the telescope, and applied it to the 
heavens, he observed mountains and valleys upon the. surface of 
our moon ; satellites or secondaries were disfcovered revolving 
about Jupitert and Venus, as Copernicus had predicted, was 
seen exhibiting all the different phases of the moon, waxing and 
waning as she does, through various forms. Many minute stars, 
not visible to the naked eye, were descried in the Milky Way ; 
and the largest fixed stars, instead of being magnified, appeared 
to be small brilliant points, an incoj;i,trovertible argnment in 
favor of their immense distance from. us. All his disooveries 
served to confirm the Copernican theory, and to show the ^b* 
surdity of the hypothesis of Ptolemy. 

Although the general arrangement and motions of the planetary 
bodies, together with the figure of their orbits, had been thus 
determined, the force or power which carries them around io 
their orbits, was as yet unknown. The discovery of this was 
reserved for the illustrious Newton. *" By reflecting on the 
nature of gravity— -that power which causes bodies to descend 
towards the center of the earth — since it floes not sensibly 
diminish at the greatest distance from the center of the earth to 
which we can attain, being as powerful on the loftiest mountains 
as it is in the deepest caverns — he was led to imagine that it 
might extend to the moon, and that it might be the power which 
kept her in her orbit, and caused her to revolve around the earth* 
He was next led to suppose that perhaps the same power carried 
the primary planets around the sun. By a series of calculations, 
he was enabled at length to establish the fact, that the same 
force which determines the fall of ah apple to the earth, carries 
the moons in their orbits around the sun. 

* The discovery of Newton was in some measure anticipated by Ciopernicns, 
Kepler and Uooke. 
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To recapitalate briefly : the tystem (not hypothesiB, for much 
of it has been established by mathematical demoDStration), by 
which we are now enabled to explain with a beautiful simplicity 
the different phenomena of the sun, planets, moons, and comets, 
is, that the sun is the central body in the system; that the 
planets and comets move round him in elliptical orbits, whose 
planes are more or less inclined to each other, with velocities 
bearing to each other * a certain ascertained relation, and in 
times related to their distances ; that the moons, or secondarie:^, 
revolve in like manner, about their primaries, and at the same 
time accompany them in their motion around the sun : ail 
meanwhile revolving^ on axes of their own ; and that these revo- 
lutionQ in their orbits, are produced by the mysterious power of 
attraction. The particular mode in which this system is ap- 
plied to the explanation of the different phenomena, will be ex- 
hibited as we proceed to consider, one by one, the several bodies 
above mentioned. 

These bodies, thus arranged and thns revolving, constitute 
what ia termed the solar system. The planets have been divicled 
into two classes, primaries and secondaries. The latter are also 
termed moons, and sometimes satellites. The secondaries are 
those which resolve about the primaries. There have been dis- 
covered sixteen primaries ; namely. Mercury, Venus, the Earth, 
Mars, Vesta, Juno, Ceres, Pallas, Astrea, Hebe, Iris, Flora, 
Melis, Tuptter, Saturn, Urauns, Neptune. Mercury is the planet 
nearest to the sun, then follow the others in the order in which 
they are named. The nine small planets between Mars and 
Jupiter are telescopic, and have been termed asteroids. There 
have been discovered nineteen secondaries, or moons. Of these, 
the Earth has one, Jupiter four, Saturn seven, Uranus six, and 
Neptune one. None of these, except our moun, are visible 
without telescopic aid. 

We proceed to examine the objects constituting the solar 
system, in detail. 

* The orbit! or paths of the planets wnre cuscovered by tracing the course 
of the planet by means of the fixed siars 
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CHAPTER VII. 

THE SUN. 

Thb sun is a vast globe, in the center of the solar system, 
dispensing tight and heat to all the planets, and governing all 
their motions. ' 

It is the great parent of vegetable life, giving warmth to the 
seasons, and color to the landscape. Its rays are ti^e cause of 
various vicissitudes on the surface of the earth and in the at- 
mosphere. By' their agency, all winds are produced, and the 
waters of the sea are ttisfde to circulate in vapor through the air, 
and irrigate the land, producing springs and rivers. 

The sun is by far the largest of the heavenly bodies whose 
dimensions have beeto ascertained. Its diameter is something 
more than 883,000 miles. Consequently, it contains a volum« 
of matter equal io fourteen hundred thousand globes of the size of 
the earth. Of a hody so vast in its dimensions, the' human 
mind, with all its enorts, can form no adequate conception. 
The whole distance between the earth and the moon would not 
suffice to embrace one<-third of its diameter.^ 

Were the sun a hollow sphere, perforated with a thousand 
openings to admit the twinkling of .the luminous atmosphere 
around it — ^and were a globe as large as the earth placed at its 
center, with a satellite as large as our moon, and at the same 
distance from it as she is from the earth, there would be present 
to the eye of a spectator on the interior globe, a universe as 
splendid as that which now .appears to the uninstructed eyo a 
universe as large and extensive as the whole creation was con- 
ceived to be, in the infancy of astronomy. 

The next .thing which fills the mind wjth wonder, is the dis- 
tance at iwhich so great a body must be placed, to occupy, ap- 
parently, so small a plilce in the firmament. The sun*s mean 
distance from the earth is twelve thousand times the earth's 
diameter, or a little more than ninety-five millions of miles. 
We may derive some faint conception of such a distance, by 
considering that the swiftest steamboats, which ply our waters 
at the rate of two hundred miles a day, would not traverse it in* 
thirteen hundred years ; and, that a cannon ball, flying night and 
day, at the rate of sixteen miles a minute, would not reach it in 
eleven years. 
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The sun, when viewed through a telescope, presents the ap- 
pearance of an enormous globe of fire, frequently in a state of 
/violent agitation or ebullition; dark spots of irregular fornix 
rarely visible to the naked eye, sometinoes pass over his disk, 
from east to west, in the period of nearly fourteen days, 

'f^hese spots are usually surrounded by a penumbra, and that, 
by a margin of light, more brilliant than that of the sun. A spot 
when first seen on the eastern edge of the sun, appears like a 
line which progressively extends in breadth, till it reacbes the 
middle, when it begins to contract, and ultimately disappears, 
at the western edge. In some rare instances, the same spots 
re-appear on the east side, and are permanent for two or three 
revolutions. But, as a general thing, the spots on the sun are 
neither permanent nor unifoirm. Sometinoes several small ones 
unite into a large one ; and, again, a large one separates into 
numerous small ones* Some continue several days, weeks, and 
even months, together ; while others appear and disappear, 
. in the course ' of a few hours. Those spots that are formed 
gradually, are, for the most part, as gradually dissolved ; whilst 
those that are suddenly formed, generally vanish as quickly. 

It is the general opinion, that spots on the sun were first dis- 
covered by Galileo, in the beginning of the year 1611 ; though 
Scheiner, Harriot, and Fabricius, observed them about the same 
time. During a period of eighteen years from this timoi the sun 
was never found entirely clear of spots, excepting a few days in 
December, 1634 ; at other times, they were frequently seen* 
twenty or thirty at a time, and in 1625, upwards of fifty were 
seen at once. From 1650 to 1670, scarcely any spots were to 
be seen; and, from 1676 to 1684, the orb of the sun presented 
an unspotted disk. Since the beginning of the eighteenth century 
scarcely a year has passed, in which spots have not been visi- 
ble, and frequentlv in great numbers. In 1799, Dr. Herschel 
observed one nearly 30,000 miles in breadth. 

A single second of angular measuie, on the sun's disk, as seen firom 
tiie earth, corresponds to 462 miles ; and a chcle of this diameter (con- 
taining therefore nearly 390,000 square miles) is the least space which 
can be distinctly discerned on the sun as a vinbk ateoy even by the most 
pQwerfiil glasses, ^pote have been observed, faQWever, whose linear 
diameter has been more than 44,000 miles ; and, if some records are to 
be trusted, of even still greater extent 

Dr. Dick, in a letter to the author, says, « I have for many years ex- 
amined the solar spots with considerable minuieness, and have several 
times seen spots which were not less than the one-twenty-fifih part of the 
f^n'^ diameter, which would make them about 22,192 miles in diameter, 
yet they were visible neither to the naked eye, nor through an opera 
glass, magnifying about three times. And, therefore, if any spots have 
been visible to the naked eye — ^which we must beUevjai unless we refuse 

t2 
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respectable testimony^— they could not have been much lest than 50>000 
miles in diamet^.'* 

The apparent motion of these spots over the son^s surface^ is 
eontinaally varying in its direction. Sometimes they seem to 
move across it in straight lines, at others in curve lines. These 
phenomena may b« familiarly illustrated in the following 
manner. 

Pig. 1. Kg. a. 




Let E E represent the eeliptie; N 8y its north sod south poles,' JIf the point 
where the spot enters, and m the point where it leaves the sun^s disk. At the 
end of November, . ana the beginning of December, the spot will appear to 
move downwards, across the sun's disk, from left to right, describing the 
straight lines JIf mt-Fig 1 ; soon sAcr this period, these lines begin gradually 
to be inflected towards the north, till about the end of February, or the begin- 
ning of March, when they describe the curve lines represented in Fig. 9. After 
the beginning of March, the curvature decreases, till the latter end of May, or 
the beginning of June, when they again describe straight lines tendinff np- 
wards. as in Fig. 3. By and by these straight lines beg^n to be inflected (hun^ 
wards, till about the beginning of September, wben .they take the form of a 
curve, having its convex side towards the south pole of the sun, as in Fig. 4, 

Fig. a. Pig. 4. 



As these phenomena are repeated every year, in the same 
order, and belong to all the spots that have been perceived upon 
the sun's disk, it is concluded, with good reason, that these 
spots adhere to the surface of the sun, and revolve with it, upon 
an axis, inclined a little to the plane of the ecliptic. The ap- 
parent revolution of a spot, from any particular point of the 
sun's disk, to the same point again, is accomplished in 37 days, 
7 hours, 26 minutes, and 24 seconds ; but during that time, the 
spot has, in fact, ?one through one revolution, together with an 
arc. equal to that described by the sun, in his orbit, in the same 
tinne, which reduces the time of the sun's actual rotation on his 
axis, to 25 days, 9 hours, and 36 minutes. 
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, The part of the tan*8 disk not oecopied by spotty is far from 
being uniformly bright. Us ground Is finely mottled with an 
appearance of minute, dark dots, or poret* H^rschel remarks 
thai these pores, when atientively watched, are found to be in a 
oonstant state of chanflfe. This is certainly an error, if the change 
■poken of is one yisible under the eye; for I hare watched these 
minute pores with the greatest scrutiny, but nerer found while 
under the eye, the slightest chanffe. 

The elder Herschel conceived that the sun's body was dark 
or opake, and that it was surrounded by a luminous ocean or 
atmosphere of vast extent. Beneath this and above the sun's 
surface he thought there might exist a stratum of clouds, and 
with this constitution he proceeds to account for the phenomena 
of the »poU, The black core of the spot he re^rds as the solid 
qpake body of the sun, seen through an openmg in the lumin- 
ous atmosphere and iA the floating clouds below it, while the 
partial shade or penumbra be attnbntes to the light reflected 
from the cloudy stratum. 

1 have watched the solar spots for three years with great aU 
tentioUf and find it quite impossible to reconcile the phenomena 
with any theory which supposes extreme mobility in the particles 
composing the exterior surface. The outline of the penumbra 
is seen sharp, keenly defined and cutting directly across ths 
small mottlinffs or pores, as though the exterior were a crust, 
hard and solid, melted out from under by some internal agent. 
Again, the outline of the dark core of the spot eats into the penum> 
bra sharp and sudden, sometimes in long black filaments of ir» 
regular shape, but always without any such gradual shading off 
as might be anticipated in case great mobility existed among the 
particles of matter composing the exterior coating of the sun. 

The German astronomer Schwabe, of Dessau, has discovered 
the remarkable fact, that there is a periodical return of the solar 
spots. In 1838 a very large number of spots were observed. 
Then for five years the number decreased regularly, until in 1833 
the spots counted reached a minimum; an increase now com* 
menced, and continued yearly up to 1838, when a maximum 
number was reached. Then a decline commenced, and continued 
to 1843, when but few spots were seen. Since that Tear the 
number visible has been gradually on the increase ; and durina 
this year, 1848, I have never seen the sun without spots, and 
many groups have been very large. 

In examining the sun, I have occasionally seen that curious phe- 
nomenon, called by the Germans*' Lichtflacken " luminoutflake». 
They are brilliant points of swiftly moving light seen near the 
sun, and apparently as bright or even brighter than the sun itself. 
Some suppose them to be motes floating in the upper regions of 
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the air; while others resist this hypothesis, without propoundSii|^ 
any more satisfactory one. 

We append the foibwing table* exhibiting the elements of the 
sun as aetermined for the 1st of January, 1801. 

Mean longitude, • • 280O 39' KK'.S 

Longitude of perigee,/ - - 27d 30 05 i> 

Greatest equation of center, - * 1 65 37 .3 

Soeular diminution of center, - • . 17 Ji 

Inclination of axis (82io\ . . . 7 30 00 U) 

Motion in a mean solar day, - - 69 08 ^ 

lilotion of perigee hi 365 days, - - I 01 .9 

Apparent semidiameter, - - 16 00 .9 

Mean horizontal parallax, - , - - . 8 .6 

Rotation on its axis in sidereal days, , « 25 d. .01154 

Time of passing one degree of mean longitude, 24 h, 20 m. 58 s. .14 

Eccentricity of orbit (ndius unity), - - .0168.531 

Volume earth as unity, « • • 1.384,473 

Mass earth as unity, ... 354,936 

Mean distance (95,000,000 miles), earlh*8 xad. unity, 23,984 

Density, or ratio of mass to volume, • • 0.2543 

True (hameter (883^000 miles), in diameters of earth, - 1 1 1.454 

Accompanying the sun, there is an extraordinary luminous 
appearance, called the zodiflcal lights which fs seen at certain 
seasons of the year after sunset, or before sunrise, like the faint 
tail of a comet, extending upward from the sun, in the plane of 
the ecliptic. Dr. Herschel conceived this phenomenon to be a 
iiebulous atmosphere, yet uncondensed, and surrounding the sun, 
whose lenticular shape arose from its rotary motion. There is 
grreat difficulty in explaining this phenomenon, on the theory of 
gravitation alone, for gravity will not permit material particles 
to remain at so great a distance from the sun as the extreme 
particles constituting the zodiacal light. 

May not the same power which operates (as we shall here- 
after see) to produce the tails of comets, on their near approach 
to the sun, be active in supporting, by repulsion, the particles 
of the zodiacal light in their great elevation above the sun*s 
surface 1 We shall again refer to this subject, when we come 
to treat of the comets. * 

The direct light of the sun is greatly diminished by the atmo- 
sphere by which it is surrounded, lliis is manifest from the 
fact that the ed^ or disk is far less luminous than the central 
portion, which is directly the reverse of what ought to be exhib- 
ited in case no cause operates to absorb the light. 

The liorht of the sun has been estimated to be more than 
800,000 times greater than that of the moon. The most inteose 
artificial light yet discovered, when seen against the sun, looks 
like a black spot on its surface. 
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McitcuRT is the nearest planet to the son that has yet heen dis* 
covered ; and, with the exception of the asteroids^ is the smalU 
eeu Its diameter is only 3140 miles. Its bulk, therefore, is 
about 17 times less than that of the earth. It would require 
inore than twenty millions of suoh globes to compose a body 
equal to the sun* 

It revolves' on its axis, from west to east, in 24 hours, 5 mi- 
nutes^ and 38 seconds; which makes its day about 10 minutes 
longer than ours. It performs its revolution about the sun in a 
fV?w minutes less than 88 days^and at a mean distance of nearly 
thirty-seven millions of miles. The length of Mercury's year, 
therefore, is equal to about three of our months. 

The rotation of a planet on it axis constitutes its day ; its revolution 
about the sun constituteB its year. 

Mercury is not only the most dense of all the planets, but re- 
ceives from the s^n seven times as much light and heat as the 
earth. The truth of this estimate, of course, depends upon the 
•apposition that the intensity of solar lurht and heat, at the 
planets, varies inversely as the squares oi their distances from 
the sun. 

This law of analogy, did it exist with rigorous identity at all 
the planets, would be no argument against their being inhabited ; 
because we are bound to presume that the Allwise Creator has 
attempered every dwelling-place in his empire to the physical 
eonstitution of the beings which he has placed in it. 

From a variety of &cts which have been observed in lelation to the 
production of aJoric, it does not appear probable that the deg^iee d[ heat 
OD ^SbB Bur&ce of the different pUnets depends on their respective di»- 
tances from the sun. It is more probable that it depends chiefly on the 
distribution of the aubsUmce of calorie <mi the sui&ces, and throughout 
the atmospheres of these bodies, in different quantities, according to the 
di£ferent situations which they occupy in the solar system ; and that these 
difiisreat quantities of caloric are put into action l^ the influence of the 
solar rays, so as to produce that degree of sensibk heat requisite to the 
wants, and to the greatest benefit death of the planets. On this hypo- 
thesis, which is oonroborated fay a great variety of facts and experiments, 
there may be no more sensible heat experienced on the planet Mercury 
than on the sur&ce of Herochel, which is fifty times fiirther removed fi:om 
the sun. 

Owing to the dazzling brightness of Mercury, the swiAness 
of its motion, and its nearness to the sun, astronomers have 
made but comparatively few discoveries respecting it.' When 
viewed through a telescope of considerable magnifying power. 
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jt exhibits, at different periods, all the Tarious phases of the 
moon ; except that it never appears quite fall, because its ^if 
lightened hemisphere is never turned oirectly toward the earth, 
only when it is behind the sun, or so near to it as to be hidden by 
the splendor of its beams* Its enlightened hemisphere being 
thus always turned toward the suh^ and the opposite one being 
always dark, prove that it is an opake body, similar to the 
earth, shining only in the light which it rec^eives from the snn. 
The rotatio|i of Mercury on its axis was determined, from the 
daily position of its horns, by M. Schroeter, who not only dis- 
covered spots upon its surface, but Several mountains in its 
southern hemisphere, one of which was 10} miles high-^neariy 
three times as high as Chibborazo, in South America. 

It is worthy of obeBrvation, that the h^hest mountains which have 
been discovered in Mercury, Venus, the moon, and, perhaps, we may 
add, the earth, are all situated hi their southern hendapheres. 

Daring a few days in March and April, August and Septem- 
ber, Mercury may be seen for several minutes. In the morning or 
evening twilight, when its greatest elon^tions happen in those 
months; in all other parts of its orbit,. it is too near the snn to 
be seen by the naked eye. The neatest distance that it ever 
departs from the sun, on either sloe, varies from 16^ 12' to 2SP 
48 , aliematefy. 

The revolution of Mercury about the sun, like that of all the 
planets, is performed from west to east, in an orbit which is 
nearly circular. Its apparent motion, as seen from the earth, is, 
alternately, from west to east, and from east to west, nearly in 
straight lines ; sometimes, directly across the face of the sun, 
bat at all other times either a little above or a little below it 

Being commonly immersed in the sun^s rays in the evening, 
and thus continuing invisible until it emerges from them in the 
morning, it appeared to the ancients like two distinct stars. A 
long series of observations was requisite before they recognized 
the identity of the star which was seen to recede from the snn 
in the morning with that which approached it in the evening. 
But as the one was never seen until the other disappeared, both 
were at last found to be the same planet, which thus oscillated 
on each side of the sun. 

Mercury^s oscillation from west to east, or from east to west, 
is really accomplished in just half the time of its revolution, 
which is about 44 days; but as the earth, in the meantime, fol- 
lows the sun in the same direction, the apparent elongations will 
be prolonp^ed to between 55 and 65 days. 

The passage of Mercury over the sun*s disk is denominated a 
transit. This would happen in every revolution, if the orbit lay 

^he same plane with the orbit of the earth. But it does not; 
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il cuts the earth's orbit in two opposite points, as the eeliptie 
does the equator, but at, an angle three times less. 

These points of intersection are called the node^ of the orbit. 
Meiccnry*s ascending node is in the I6th degreetof Taurus; its 
dAScending node in the 16th deffree of Scorpio. As the earth 
paasea these nodes in November and May, the transits of 
Mercorj must happen, for many ages to come, in one of these 
months. 



The following is 
first was observed, 
present oentuiy. 

1631 Not. 6. 
1644 Not. 6. 
1651 Nov. 2. 
1661 May 3. 
1664 Not. 4. 
1674 May 6. 
1677 Not. 7. 
1690 Not. 9. 
1697 Not. 2. 



a list of all the transits of Merooiy, from the time the 
by Gassendi, November 6, 1631, to the end of 4ie 



1707 May 6. 

1710 Not. 6. 

1723 Not. 9. 

1736 Not. 10. 

1740 Not. 2. 

1743 Nov. 4. 

1753 May 5. 

1756 Nov. 6 

1769 Not. 9. 



1776 Not. 3. 
1782 Not. 12. 
1786 May 3. 
1789 Not, 6. 
1799 May 7. 
1802 Not. 8. 
1816 Not. 11. 
18-22 Not. 4. 
1832 May 5. 



1836 Not. 7. 
1846 May 8. 
1848 Not. 9. 
1861 Nov. U. 
1868 Nov. 4. 
1878 May 6. 
1881 Nov.' 7. 
1891 A(ay 9. 
1894 Not. 10. 



By conqnring the mean motion of any of the planets with the mean 
motion of the earth, we may, in like manner, determine the periods in 
wtiich these bodies will return to the same points <^ their orbit, and the 
same positions with respect to the sim. The knowledge of these periods 
will enable us to determine the hour when the planets rise, set, and pass 
the meridian, and. m general, all the phenomena dependent upon the re^ 
latiTe position of the earth, the planet, and the son ; fixr at the end of 
one of these periods they commence again, and all recur in the same oiw 
der. We have only to find a number of sidereal years, in which the 
planet completes exactly, or very nearly, a certain number of revolutions ; 
that is, to find such a number of planetary revolutions as, when taken 
together, shall be exactly equal to one, or any number of revolutions of 
the earth. In the case ci Meicoiy, this ratio will be as 87.969 is to 
866.866. Whence we find, that— 

7 periodical reTolutions of the earth are equal to 29 of Mercury : 

13 periodical reTolutions of the earth are equal to 64 of Mercury : 

83 periodical reTolutions of the earth are equal to 137 of Mercury : 

46 periodical reTolutions of the earth are equal to 191 of Mercury. 
Therefore, transits of Mercury, at the same node, may happen at intenrals 
of 7, 13, 33. 46, &c., years. Transits of Venus, as well as eclipses of 
the sun and moon, are calculated upon the same principle. 

l*he ndireal revolution of a planet respects its abaoluie motion, and is 
mesffored by the time the planet takes to revolve from any fixed star to 
the same star again. 

The synodieai revoludon of a planet respects its relative motion, and 
is measured by the time that a planet occupies in coming back to the 
■ame position, ^th respect to the earth and the sun. 

The sidereal reTolution of Mercury is 87 d. 23 h. 16 m. 44 s. Its 
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ijfnodieal leVohttion ii finind by dividhig the whole 'drcumierence of 
860O hj its relative motton in tsspocX to the earth. Thus, the mean 
daily motibki of Mercufj ui 14' ^Mb\ that of the eaith is 3548^.318; 
and their diflerenA is 1 1 184".237, being Mercury's relative motion, or 
what it gaitos on the earth eveiy day. Now, by ample pn^rtion, 
11 184":237 IS to 1 day as 360O is to 116 d. 21 h. 3 m. 25 s., the peiiod 
of a sy nodical revolution of Mercuiy. ( 

The dbaoluie motion of Mercury in ita orbit, is 109,757 milee 
an hour; that of the earth, is 68,388 miles: the difference, 
41,469 miles, is the mean relative motion of Mereury, with 
respect to the earth. The tratisit of Mercury across the disk of 
the sun, which Occurred on the 8th of May, 1845, was observed 
at the Cincinnati observatory. By the new tables of Leverrier, 
its place was predicted, so that the various contacts with the 
sun took place to within sixteen seconds df the computed time. 
The planet was seen very distinctly as a round black spot on 
the bright surface of the sun. The densit;y of the planet, and 
its absolute diameter, enable us to determine the force of gravi- 
tation at its surfaces. A heavy body would fall through 17.7 
feet per second on Mercury, and a pound of matter removed 
from the earth to the planet would weigh 1,106 pounds. 

.These are the elements of Mercury for meant noon, Greeth 
wich, 1st Jan. 1801. 



Mean sidereal revolution, • - 87 d. 

Mean longitude/ 

Longitude of perihefion. 

Annual motion of the line of apsides, 

Ditto, referred to the ecliptic, - - 

Longitude of the ascending node, 

Motion of ditto, west per annum, - 

Ditto, east, referred to the ecliptic, 

Mean ortntal motion in a solar day, 

Inclination of orbit 

Eccentricity of orbit, half major, axis unity 

Decrease of ditto, in a century, 

Greaieat equation of center, 

Increase of ditto, in a century, 

Axical rotation, ... 

Mean apparent diameter, 

True diameter (3140 miles) earth as unity, 

Minimum elongation, 

Maximum ditto, . • • 

Volume earth as unity. 

Mass sun as nni^, ... 

Mean distance (36, 000,000 miles) earths as unity. 
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VENUS. 

Thicrv are bat few persons who haye not obserred a beauti- 
fa] star in the west, a little after sunset, called the evening star. 
This star h Venus. It is the second planet from the sun. It is 
the brightest star in the firmament, and on this account easily 
distingruished from the other nlanets. 

If we obserra this planet for several days, we shall fibd that 
it does not remain constantly at the same distance from the son, 
but that it appears to approach, or recede from him, at the rate 
of about three-fifths of a degree every day ; and that it is some- 
times on the east side of biro, and sometimes on the west, thus 
continually oscillating backward and forward between certain 
limits. 

As Venus never departs quite 48® from the sun, it is never 
seen at midnight, nor in opposition to that luminary; being visi- 
ble only about three hours after sunset, and as long before sun- 
rise, according as its right ascension is mater or less than that 
of the SUB. At first we behold it on^ a few minutes after 
sunset; the next evening we hardly discover any sensible 
chanjre in its position ; but after a few days, we perceive that ft 
has fallen considerably behind the sun, and that it continues to 
depart farther and farther from him, setUnff later and later every 
evening, until the distance between it ana the sun, is equal to 
a little more than half the space from the horizon to the zenith, 
or about 46®. 

It now begins to return toward the sun, making the same 
daily progress that it did in sejmrating from him, and to set 
earlier and earlier every succeeding evening, until it finally sets 
with the sun, and is lost in the splendor of his light. 

A few days after the phenomena we have now described, we 
perceive, in the morning, near the eastern horizon, a bright 
star which was not visible before. This also is Venus, which 
is now called the morning $tar. It departs farther and farther 
from the sun, rising a little earlier every day, until it is seen 
about 46® west of him, where it appears stationary for a few 
days; then it resumes its course towards the sun, appearing 
later and later every morning, until it rises with the sun, and 
we cease to behold it In a few days, the evening star again 
appears in the west, very near the setting sun, and the same 
phenomena are again exhibited. Such are the visible appear- 
ances of Venus. 

Venus revolves about the sun from west to east in 324# days, 
at the distance of about 68,000^0^ of miles, moving in her 
V 
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orbit at the rate of eighty thoasand miles an hoar. She turoa 
around on her axis once in 33 hours, 21 minutes, and 7 seconds. 
Thus her tlay is about 25 nnnutes shorter than ours, while her 
year is equal to 7i of our months, or 32 weeks. 

The mean distance of the earth from the sun, is estimated at 
95,000.000 of miles, and that of Venus being 68,000,000, the 
diameter of the sun, as seen from Venus, will be to his diame- 
ter as seen from the earth, as 95 to 68* and the surface of his 
disk as the square of 95 to the square of 68, that is, as 9025 to 
4626, or as 2 to 1 nearly. The intensity of light and heat being 
inversely as the squares of their distances from the sun, Venus 
receives twice as much light and heat as the earth. 

Her orbit is within the orbit of the earth ; for if it were not, 
she would be seen as often in opposition to the sun, as in con- 
Junction with him ; but she was never seen rising in the east, 
while the sun was setting in the west. Nor wa9 she ever 
seen in quadrature, or on the meridian,* when the sun was 
either rising or setting. Mercury being about 23^ from the 
sun, and Venus 46^, the orbit of Venus must be outside of the 
orbit of Mercury, 

The true diameter of Venus is 7700 miles; but her aoparefi^ 
diameter and brightness are constantly varying, according to 
her distance from the earth. V^hen Venus and the earth are 
on the same side of the sun, her distance from the earth is only 
$26,000,000 of miles ; when they are on opposite sides of the 
sun, her distance is 164,000,000 of miles. Were the whole of 
her enlightened hemisphere turned towards us, when she is 
nearest, she would exhibit a light and brilliancy twenty-five 
times greater than slie generally does, and appear like a small 
brilliant moon ; but, at that time, her dark hemisphere is turned 
towards the earth. 

When Venus approaches nearest to the earth, her apparent or 
observed diameter, is 6l".2 ; when most remote it is only 9''.6 : new 
61".2-~9".6=6|, hence when nearest the earth, her apparent diameter 
is 6| times greater than when most distant, and the sui&ce of her disk 
(6|y or nearly 41 thnes greater. In this work, the apparent size of the 
heavenly bodies b estimated from the apparent sur&oe oif their disks, which 
is always proportional to the squares of their apparent diameters. 

When Venus^s right ascension is less than that of the sun, 8h» 
rises before him ; when greater, she appears after his setfing. 
She continues alternately morning and evening star, for a 
period of 292 days, each time. 

To those who are but little acquainted with astronomy, it will 
seem strange, at first, that Venus should apparently continue 
longer on the east or west side of the sun, than the whole time 
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of her periodical reTolution around him. Bat it may he easily 
nnderstood, when it is considered, that while Venus moves 
around the sun, at the rate of about 1^ 36' of angular motion 
per day, the earth follows at the rate of 59'; so that Venus 
actually gains on the earth, only 37' in a day. 

Now it is evident that both planets will appear to keep on 
the same side of the sun, until Venus has gained half her orbit, 
or 180^ in advance of the earth; and this at a mean rate, will 
require 293 days, since, 393x37'=10804', or 180® nearly. 

Mercury and Venus are call^ Ivferior*^ planets, because 
their orbits are within the earth*s orbit, or between it and the 
sun. The other planets are denominated Superior^ because their 
orbits are without or beyond the orbit of the earth. As the 
orbits of Mercury and Venus tie unthtn the earth's orbit, it is 
plain, that once in every sy nodical revolution, each of these 
planets will be in conjunction on the same side of the sun. In 
the former case, the planet is said to be in its tf/ertor conjuno' 
Hon, and in the latter case, in its mperior conjunction f as in the 
following figure. 

CONJUNCTtOK AND OPPOSITIOK OF THB PLAKBTS. 

V 




Mart 



•In almost all works on astronomy, Mercury and Vonas are denominated 
inferior planets, and the others superior. But as these terms are employed, 
not to express the relative size of the planets, but to indicate their situation 
with respect to the earth, it would be bettef to adopt the terms interior and 
CEfffior. 



232 GEOGRAPHY OF THE HEAVENS. 

The period (tf Venus's synodical revolution, is found in the same insD- 
net as that of Mercury ; namely, by dividing the whole circumferenoe of 
her orbit by her mean relative motion In a day. Thus, Venus's abmlute 
mean. daily motion, is 1^ 8(r T'.S, the earth's \$ bW S^.S, and theii 
di^renoe 36' 59".6. Divide 360O by 36' 69".6, and it gives 583.930 ; 
or n^urly 684 days, for Venus's synddical revointioii, or the period in 
which she is twice in cmjunctioii with thfe earth. ' 

Venus passes from her inferior to her superior conjanction in 
about 29*2 days. At her inferior conjunction, she is 36,000,000 of 
miles from the earth; at her superior conj unction, 164,000,000 
•of miles. 

It might be expected that her brilliancy would be proportion- 
ally increased, in the pne case, and diminished, in tlie other; and 
80 it would be, were it not that her enlightened hemisphere is 
turned more and more from us, as she approaches the earth, and 
comes more and more into view as she recedes from it. It is to 
this cause alone that we must attribute the uniformity of her 
splendor ae it usually appears to the naked eye. 

Mercury and Venus present to us, successively, the various 
shapes and appearances of the moon; waxing and waning 
through different phases, from the beautiful crescent to the full 
rounded orb. This fact shows, that they revolve around the 
sun, and between the sun and the earth. Let the pupil endeavor 
to explain these phases' on any other supposition, and he will be 
convinced that the system of Ptolemy is erroneous, while that 
of Copernicns is confirmed. 

It should be remarked, however, that Venus is never Men when she is 
entirely /uZ^, except once or twice in a century, when she passes directly 
over the sun's disk. At every other conjunction, she is either behind the 
sun, or so near him as to be hidden by the splendor d his light. 

From her inferior to her superior conjunction, Venus appears 
on the west side of the sun, and is then our morning star ; from 
her superior to her inferior conjunction she appears on the east 
side Qf the sun, and is then our evening star. 

Like Mercury, she sometimes seems to be stationary. Her 
apparent motion, like his, is sometimes rapid; at one time, 
direct^ and at another, retrograde^ i vibrating alternately back- 
wards and forwards, from west to east, and from east to west. 
These vibrations appear to extend from 45^ to 47^, on each side 
of the sun. 

Consequently she never appears in the eastern horizon, more than 
three hours before sunrise, nor continues longer in the western horizon, 
after sunset Any star or planet, therefore, however brUtiant it may ap> 
pear, which is seen earlier or later than this, cannot be Venus. 
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In passing from her western to her eastern elongation, her 
motion is from west to east, in the order of the ngne ; it is thenoe 
called direct motion. In passing from her eastern to her western 
elongration, her motion with respect to the earth, is from east to 
west, contrary to the order of the signs ; it is thence denominated 
retrograde motion. Her motion appears quickest about the time 
of her conjunctions, and she seems stationary, at her elonga- 
tions. She is brightest about thirty-six days before and after 
her inferior conjunction, when her light is so great as to project 
a visible shadow in the night, and sometimes she is visible even 
at noon-day. 

OIRBCT AND UTBOeKAOl MOfUMr. 




In the fbrecDiiig finre, the outer circle represents the earth's orbit and the 
inner circle, tnatof Venns, while she moves around the sun, in the order of the 
letters a. 6, e, ^ ke. When Venus is at a, she is in her inferior conjunction, 
between the earth and sun ; and is in a situation similar to that of the moon at 
her change, being then invisible, because her dark hemis(ihere is towards the 
earth. At «, she. appears half enlightened to the earth, like the moon in her 
first quarter ; at <f, she appears almost full, her enlightened side being then 
almost directly towards the earth ; at «. she is in her superior conjunction^and 
would appear quite full, were she not directly behind the sun, or so near him 
as to be hidden by the splendor of his light ; at/, she appears to be on the de- 
crease ; and at g^ only half enlightened, like the moon in her last quarter ; at a, 
she disappears again between the earth and the sun. In moving firom |r to i^ 
•he seems to go baekwards in the heavens, beeaase she moves contrary to th« 
order of the signs. In turning the arc of the circle from retrograde to direct 
motion, or from direct to retr^ade, she appears nearly stati<Miary for a few 
days ; because, in the former case, she is going almost directly Jnm the earth, 

v2 
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•nd in th0 Islter cooing tomirdf it Af she describes a much larger poition 
of her orbit in goinff from c to ^ , than from ff to e, she appears much lonf^et 
direct than retrograde. At a mean rate, her retrogradalions are accomplished 
in forty •two days. 

If the orbit of Venus lay exactly in the plane of the earth's 
orbit, she would pass centrally across the sun's disk, like a dark 
round spot, at evenr inferior conjunction; but as one half of her 
orbit lies about 3}^ above the ecliptic, and the other half as far 
below it, she will always ^ass the sun a very little above or 
below it, except when her inferior conjunction haopens in, or 
near, one of her nodes ; in which case she will make a transit. 

This phenomenon, therefore, is of very rare occurrence : it 
can happen only twice in a century ; biecause it is only twice in 
that time that any number of complete revolutions of Venus, are 
just or nearly equal to a certain number of the earth's revolutions. 

The principle which was illustrated in predicting the tranntB of Meicuiy 
applies equally well to those of Venus ; that is, we must find such sets 
of nimiberB, (representing complete revoluticNut of the eai^ and Venue), 
as shall be to each other in the ratio of theif periodical times, or as 365.25iB 
is to 224.7. Thus; the motion of Venus, in one Jutian year, is 
8l0659r'.6^, that of the eafth for the same period being I2962r''45, 
the ratio will be f T$4ir^ "* It* A s the two terms of this firaction cannot 
be reduced by a common divisor, we must multiply them by such num- 
bers as will make one a multiple of the other ; accordingly, thirteen times 
the denominator will be nearly equal to eight times the numerator ; and 
475 times the denominator will equal 291 times the numerator. 

By combining these two periods ancf iheir multiples by addition and 
subtraction, we shSll obtain the period of all the transits that have ever 
happened. Thus : 291—^X7=235, another period ; and 291— 6XB 
s=243, another period, and so on. Whence we find that, 

8 periodicAl revolutions of the earth, are equal to 13 of Venus. 

235 periodical revolutions of the earth, are equal to 382 of Venus. 

243 periodical revolutions of the earth, are equal to 395 of Venus. 

251 periodical revolutions of the earth, are equal to 408 of Venus. 

291 periodical revolutions -of the earth, are equal to 476 of Venus. 

Hence a transit of Venus may happen at the same node, aAer an in- 
terval of eight years ; but if it do not happen then, it cannot take place 
again, at the same node, in less than 235 years. The orbit of Venus 
crosses the ecliptic near the middle of Gemini and Sagittarius ; and these 
points mark the position of her nodes. At present her ascending node is 
m the 14th degree of G^nini, and her descending node, in tibe same 
degree of Sagittarius. 

The earth passes her ascending node in the beginning of 
December, and her descending node, in the beginning of June. 
Hence, the transits of Venus, for ages to come, will happen in 
December and June. The first transit ever known to have been 
seen by any human being, took place at the ascending node. 
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December 4th, 4639.* If to this date; we ^d S35 years, we 
shall hair^e the time of the next transit at the same node, which 
will accordingly happen in 1874. There will be another at the 
same node in 1882, eight years afterwards. It is not more cer^ 
tain that this phenomenon will recnr, than that the event itself 
will engross the attention of all the astronomers then living 
upon the earth, it will be anticipated, and provided for, and 
observed, in every inhabited quarter of the globe, with an in- 
tensity of solicitade which no natnral phenomenon since the 
creation, has ever excited. 

The reason why a transit of Venus shoold excite so great an 
interest, is, because it may be expected tfi solve an important 
problem in astronomy, which has never yet been satisfactorily 
done :-^a problem whose solution will make known to us the 
piagnitudes and masses of all the planets, the true dimensions 
of their orbits, their rates of motion around the sun, and their 
respective distances from the sun, and from each other. It may 
be expected, in short, to furnish a universal standard of astro* 
Boraical measure. Another consideration will render the ob- 
servation of this transit peculiarly favorable; and ttiat is, 
astronomers will be supplied with better instruments, and more 
accurate means of observation, than on any former occasion. 

* This pheicmienoii was ftnf witnesMd b^ Honoz, a young gentleman about 
twenty -one years of age. living' io an obHcure villas fiAeen miles north of 
liiverpool. Tlie tables of Kepler, constructed upon tne observations of Tycho 
Brahe, indicated a transit of Venus in 1031^ but none was observed. Horroz, 
without much assistance from books and instruments, set himself to inquire 
into the error of the tables, and found that such a phenomenon might be ex<* 
pected to happen in 1630. He repeated his calculations during this interval, 
with all the carefulness and entnusiasm of a scholar ambitious of being th« 
first to predict and observe a celestial phenomenon, which, (torn the creation 
of the world, had never been witnessed. Confident of the result, he communi- 
eated his expected triumph to a confidential friend residing in Manchester, and 
desired him to wateh for the event, and to take observations. So anxious was 
Horrox not to fail of wimessing it himself, that he commenced his observations 
the day before it was expecteo, and resumed them at the rising of the sun on 
the morrow. But the very howr when his calculations led him to expect the 
visible appearance of Venus upon the sun's disk, v>a$ also th* appointed hour 
/or the public wonhip of Oon on the SoMafA. The delay of a few minutes 
might deprive him forever of an opportunity of observing the transit. If its 
very commencement were not noticed, clouds might intervene, and conceal it 
ontil the sun should set : and nearly a century and a half would elapse before 
another opportunity would occur. He had been waiting for the event with the 
Siost ardent anticipation for eight years, and the result promised much benefit 
to the science. NMunthttanding all this, Horrox twice suspended his observoHonSy 
and twice repaired to the house of Oodj the Great Author of the bright worlds he 
delighted to contemplate. When his duty was tMis performed^ and he had 
seturned to his chamber, the second time, his love of science was gratified with 
fail success ; and he saw what no mortal eye had observed before ! 

If any thing can add interest to Uiis incident, it is the modesty with which 
the young astronomer apologizes to the world, for suspemdinig. his observations 
at all. 

'* I observed it," says he, '' from sunrise till nine o'clock, again a Httle before 
ten, and lastly at noon, and from one to two o'clock ; the rest of the day being 
devoted to higher duties, which might not be negleoied for these pastimes." 
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So important, says Sir John Herschel, have these obaeirations appeaze^ 
to astronomers, that at the last transit of Venus, in 1769, expeditions were 
fitted out, on the most efficient scale, by the British, Frenchf Russian, and 
other governments, to the remotest comers of the globe, for the express 
purpose of making Ihem. The celebrated expedition of Captain Cook to 
Otaheite, was one of them. The general result of all the observations 
made on this most memorable' occasion, gives ^".5776 for the son's 
horizontal parallax. 

The phenomena of the seasons, of each of the planets, like 
those of the earth, depend' upon the inclination of the axis of 
the planet, to the plane of its orbit. The inclination of the axis 
of Venus to the plane of her orbit, though not precisely known, 
is commonly estimated at 75° ; which is more than three ti^es 
as grreat as the inclination of the earth's axis to the plane of the 
ecliptic. . The north pole of Venus*8 axis inclines towards the 
80th degree of Aquarius; the earth's towards the beginning of 
Cancer ; consequently, the northern parts of Venus have summer 
in the signs where those uf the earth have winter, and vice versa. 

The declination of the sun on each side of her equator, must 
be equal to the inclination of her axis; and if this extends to 
75°, her tropics are only 15° from her poles, and her polar 
circles 15° from her equator. It follows, also, that the sun 
must change his declination more in one day at Venus, than in 
five days on the earth ; and consequently, that he never shines 
yerticaily on the same places for two days in succession. This 
may perhaps be providentially ordered, to prevent too great effect 
of the sua*s heat, which, on the supposition that it is in inverse 
proportion to the square of the distance, is twice as great on this 
planet as it is on the earth. 

At each pole, the sun continues half a year * without setting 
in summer, and as long without rising in winter ; consequently, 
the polar inhabitants of Venus, like those of the earth, have only 
one day and one night in the year ; with this difference, that the 
polar days and nights of Venus are not quite two-thirds as long 
as ours. 

Between her polar circles, which are but 15° from her equator, 
there are two winters, two summers, two springs, and two 
autumns, every year. But because the sun stays for some time 
near the tropics, and passes so quickly over the equator, the 
winters in that zone will be almost twice as long as the 
summers. 

When viewed through a good telescope, Venus exhibits not 
only all the moon-like phases of Mercury, but also a variety of 
inequalities on her surface ; dark spots, and brilliant shades, 
hills, and valleys, and elevated mountains. But on account of 

*That is, haif qf Venwl't year, or sixteen weeks. . 
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the great density of her atmosphere, these inequalities are pefw 
ceiyed with more difficalty than those upon the other planets. 

The moantains of Venus, like those or Mercury and the moon, 
are highest in the southern hemisphere. According to M« 
Sehroeter, a celebrated Grerman astronomer, vrho spent more 
than ten years in observation upon this planet, some of hei 
mountains rise to the enormous hight of from ten to twenty-two 
miles.* The obseryations of Dr. Herschel do not indicate so 
great an altitude ; and he thinks, that in general they are con* 
siderably oYcrrated. He estimates the diameter of Venus at 
8,649 miles ; making her bulk more than one-sixth larger than 
that of the earth. Several eminent astronomers affirm, that they 
have repeatedly seen Venus attended b^ a satellite, and they 
have given circumstantial details of its size and appearance, ita 
periodical revolution and its distance from her. It is siud to re- 
semble our moon in its phases^ its distance, and its magnitude. 
Other aatronomeFB deny the existence of such a body, because 
it was not seen with Venus on the sun's disk, at the transits of 
1761i and 1769. 

The general elements of this planet for the epoch 1st January, 
1801, are as follows : 



.Mean adereal revolution, • - 294 d. 

Mean synodical lerolution in solar days, - 
Mean longitude, ... 
Mean daily motion in orbit, 
Longitude of peiibelion, - • 

W. motion of apddet per annum, - 
£.«<«< refenred to the ecliptic 
Inclination of orbit, ... 

Annual increase of do.. 
Longitude of ascending node, 
W. motion of do. per annum, 
E. ** <* referred to the ediptic, - 
Eccentricity of orbit, half maj. axis as unity, 
Oecreaae of do. in a century, 
Greatest equation of center, - 
Annual decrease of do., ... 
Rotation on axis, ... 
Mean apparent diameter, . . - 

Diameter at superior conjunction. 
Diameter at inferior conjunction. 
True diameter (77T)0 miles) earth*8 as unity, 
Vdume earth's as unity, ... 
Mass sun's as unity, ... 
Mean distance firom the sun, (68,000,000 miles), 
as unity. 
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• Ist, 18.06 miles ; 9d, ia07 miles ; 3d, 11.44 miles ; 4th, 10^ miles. 
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THE EARTH. 

Tbi earth is the place from which all oar obaeri^ations of the 
heavenW bodies maat necessarily be made. The apparent mo- 
tions of these bodies being very considerably affected by her 
figure, motions, and dimensions, these hold an important place 
in astronomical science. It will, therefore, be proper to consider, 
first, some of the methods by which they have been determined. 

If, standing on the sea-shore, in a clear day, we view a ship 
leading the coast, in any diredioth the hall, or body of the ves- 
sel, first disappears ; aiierward the rigging, and, lastly, the top 
of the mast vanishes from our sight. Those on board the ship 
observe that the coast first sinks below the horizon, then the 
buildings, and, lastly, the tallest spires of the city, which they 
are leaving. Now these phenomena are evidently caused by 
the convexity of the water which is between the eye and the 
object ; for, were the surface of the sea merely an extended 
plain, the largest objects would be visible the longest, and the 
smallest disappear first. 

Again, navigators have sailed quite around the earth, and thus 
proved its convexity. 

Ferdinand Magellan, a Portuguese, was the firrt who carried this en- 
terprise into execution. He embarked fipom Seville, in Spain, and direo- 
ted his ooune toward the west After a long voyage, he descried the 
continent of America. Not finding an opening to enable him to continue 
his oouiae in a westeriy direction, he safled along the coast toward the 
south, until, coming to its southern extremity, he sailed around it, and 
fixmd himself in the great Southern Ocean. He &en resumed hisconiae 
toward the west After some time, he arrived at the Molucca Islands, in 
the Eastern Hemisphere; and, sailing continually toward the west, he 
made Europe fnm. the east,— arriving at ^ place fit)m which he set out* 

The neit who drcumnavigated the earth, was Sir Francis Drake, who 
sailed firom Plymouth, December 13, 1677, with five small vessels, and 
arrived at &e same place, September 26, 1680. Since that time, tiie 
ciicumnavigation of the earth has been performed by (/avendish, Cordea^ 
Noort, Sharten, Heremites, Damfaer, Woodes, Rogers, Schovten, Rogg^ 
win, Lord Anson, Byron, Carteret, Wallis, Bougainville, Cook, King^ 
Qleik, Vancouver, and many others. 

* Magellan sailed from Seville, in Spain, Aagiist 10, 1519, in a ship ealled t^ 
Victory, accompanied bj four other vessels. In April. 1581, he was killed in 
a skirmish with the natives, at the island of S«6u, or Zdm^ sometimes called 
Matan, one of the Philippines. One of his vessels, however, arrived at St 
I near, near Seville. September 7. 1523. 
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These nayigators, by sailingr in a westerly direction, allow- 
anced beinff made for promontories, &o., arrived at the country 
they sailed from. Hence, the earth must be either cylindrical 
or globular. It cannot be cylindrical, bepause, if so, the meri- 
dian distances would all be equal to each other, which is con- 
trary to obseryation. The figure of the earth is, therefore, 
spherical. 

The convexity of the earth, north and south, is proted by the 
altitude of ^e pole, and of the circum polar stars, which is 
found uniformly to increase as we approach them, while the in- 
clination to the horizon, of the circles described by all the stars, 
gradually diminishes. While proceeding in a southerly direo** 
tion, the reverse of this takes place. The altitude of the pole, 
and of the circumpolar stars, continually decreases ; and all the 
stars describe circles whose inclination to the horizon increases 
with the distance. Whence we derive this general truth : The 
altitude of arte pale, and the depression of the other, at any place oh 
the eartlCs surface, is equal to the latitude cf that place. 

Another proof of the convexity of the earth's surface is, that 
the higher the eye is raised, the further is the view extended. 
An observer may see the setting sun from the top of a house, or 
any considerable eminence, after he has ceased to be visible to 
those below. 

The curvatore of the earth for one mile is eight inches ; and this cur- 
vature inereases with the square of the distance. From this general law, 
it will be easy to calculate the distance at which any object, whose bight 
is given, may be seen, or to determine the hight of an ofcject, when the 
distance is known. 

1. To find the hight of an obiect when the distance is given. 
RuLK. Find the square of the distance in miksf and take iwo4Mrds 

of thai number for the hight in feet, 

Ex. I. How high must the eye of an observer be raised, to see the 
Bur&oe of the ocean, at the distance of 3 miles 1 Ans. The square of 3 
feet is 9 feet, and I of 9 feet is 6 feeiL 

Ex. 2. Suppoee a person can iust see the top of a spire, over an ex- 
tended plain of 10 miles, how high is the steeple: Ans, The square of 
10 is 100, and I of 100 is 66| feet. 

2. To find the distance when the hight is given. 

RuxB. Increase the hight in feet oneiudfi^ extract the sgttare root, 
for the dtstaneCt in miles, • 

Ex. 1. How &r can a person see the surfeoe of fl plainfwhoee eye is 
elevated 6 feet above it? Ans, 6, increased by its hal^ is 9, and the 
square root of 9 is 3 : the distance is, then, 3 miles, 

Ex. 2. To what distance can a person see a lighfrhouse whose hight is 
96 feet fi-om the level of the ocean 1 Ans. 96, increased by its half, is 
144, and the square root of 144 is 12 : the distance is, therefore, 12 mi^ 

3. To find die curvature of the earth when it exceeds a mile. 
RuLS. Multiply the square of the distance by .000126. 
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Although it appears, from the preceding facts, that the earth 
is spherical, yet it is not a perfect sphere. If it were, the length 
of the degrees of latitude, from the equator to the poles, would 
be uniformly the same ; but it has been found, by the most care- 
ful measurement, that, as we go from the equator toward the 
poles, the lengfth increaset with the kUiiude, 

These measurements have been made by the most eminent maHiema- 
'ticia^s d diffiront countriss, andr in yarioos places, fiom the equator to 
the arctic circle. They have found that a 'degree of latitude at the azctk 
circle was nine tixUentha of a. mile longer than a degree at the equator, 
and that the ratio of increase, for the intermediate degrees^ was nearly as 
the squares of the smes of the latitude. Thus the theory of Sir Isaac 
Newton was confirmed, that the body of the earth was more rounded 
and convex between the tzopics^.but^ considerably flattened toward the 
poles. 
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These measurements prove the earth to be an cblaU spheroid, 
whose longest or equAtorial diameter is 7924 miles, and the po- 
lar diameter, 7898 miles. The mean diameter is, therefore, 
about 7911, and their diflferenee 96 miles. The French Academy 
have determined that the mean diameter of the earth, from the 
45th degree of north latitude, to the opposite degree of south la* 
titude, is, aeeuratefy, 7919 miles. 

If the earth were an exact sphere, its diameter might 
be determined by its curvature, from a singie measure- 
ment. Thns. in tne adjoining figure, we have A B equal 
to 1 mile, and B D equal to finches, to find A B, or B E, 
which does not sensibly differ from A R since B D is 
only 8 ihches. Now, it is a proposition of Euclid. (B. 3, 

f>rop. 96,) that, when, from a point without a circle, two 
ines be drawn, one cutting and the oUier touching it,' the 
touching line (B A) is a mean proportional between the 
cutting line (B E) and that part of it (B D) without the 
circle. 

BD:BA::BA:BEorAE very nearly. 
That Is, 1 mile being equal to 63360 inches, 

8 : 03360 : » 63360 : 60181 1'iO inches, or 7990 miles. 
This is wj nearly what the most elaborete calculations make the 
aarth*s equatorial diameter. 

The earth, considered as a planet, occupies a favored rank in 
the solar system. It pleased the all wise Creator to assign its 
position aipong the heavenly bodies where nearly all the sister 
nlanets are yisible to the naked eye. It is situated next to 
Venus, and is the third planet from the sum 
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To t)^ scbolair who, for Ibe fint tune, takw up a book op Mtranomj, 
h will no doubt seem strange to find the earth claaaed with the heaven^ 
bodies. For what can appear more unlike than the earth, with her vast 
and seemingly immeasurable extent, and the stars, which appear but as 
points? The earth is dark and opake; the celestial bodies are brilliant 
Wc percei^B in it no motion, while in them we observe a continual 
diange of place, aa we view them at di^rent hours of the day or night, 
or at diflnent seasons of the year. 

It moTea round the aun, from weat tq eaat, in d6& day a, 6 
hours, 48 minatea, and 48 aeconda ; and turna, the same way, 
on ita axia, in 23 houra, 56 minutes, and 4 aeconda. The former 
is called its annual motion, and cauaea the ficiaaitudea of the 
aeaaons. The It^tter ia called ita diurnal motion^ and produces 
the succession of day and night. 

The earth's mean distance from the sun Is about 95^000,000 
of miles ; it, c'onaequently, morea in ita orbit at the mean rate of 
68,000 miles an hqpr. Ita equatorial diameter being 7924 
miles, it turns on its axis at the rale of 1040 milea an hour. 

Thus, the earthy on which we stand, and which haa swred 

.pdfor ages as the unshaken foundation of the firmeat atructuraa, is 

^ every moment turning swiftly on its center, and, at the same 

time, moving onward with great rapidity thrOQgb the empty 

apace. 

This compdund motion ia to be underatood of the whole earthy 
with all that it holds within its substance, or sttataina. upon ita 
surface — of the aolid mass beneath, of the ocean which ilowa 
around it, of the air that rests upon it, and of the elouda which 
float above it in the air. 

That the earth, in common with all the planets, lefolvea 
around the sun as a center, is a fact which rests upon the cleaiw 
est demonstrations of philosophy. That it revolves, like them, 
upon its owii axis, is a truth which every jnsing and setting sun 
illustrates, and which very many phenomena concur to establish. 

Either the earth moves around its axis every day^ or iJu whole 
univerte moves around it in the same time. There is no third 
opinion that can be formed on this point. Either the earth must 
revolve on its axis every 24 hours, to produce the alternate, suo- 
cession of day and night, or the sun, moon, planets, eometa, 
fixed stars, and the whole frame of the universe itself, mnst 
move around the earth, in the same time. To suppose the 
latter case to be the fact, would be to cast a reflection on the 
wisdom of the Supreme Architect, whose laws are oniveraal 
harmony. As well might the beetle, that in a moment turns on 
its ball, imagine the heavens and the earth had made a revolu.- 
tion in the same instant. It is evident, that in proportion to the 
distance of the celestial bodies from the earth, mnst, on this 
supposition, be the rapidity of their movements. The sun, theiL 
W 
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woald more at ^bm nle of more fliaB four handred tfaomaiMl miU« 
in a raioQte ; the nearest atara, at the inconceiTable Telocity of 
foorteen handred millions of miles in a tttondi and the most 
distant laminaries, with a degree of swiftness which no nnmbeis 
eoold express, — and all this to sare the little globe we tread 
upon from turning safely on its axis once ia 34 Eoois. 

The idea of die heavens lerolYing about the earth, is enenm- 
b«^n*d with innamnable other diffieolties. We will mentioD 
only one more. It is estimated on good aatfaorityv that there 
are visible, by means of glasses, no less than one kunthed 
mttUont (f ttmn^ seattered at all possible distances in the heavens 
above, beneath, and around ns. Now, is it in Ae least degree 
probable, that the velocities of all these bodies should be so 
regolated, that, thoagh describing circles so very dilierent in 
dimensions, they shcmld complete their revolutions in exactly 
tiie same time! 

In short, there is no more reason to suppose that the heavens 
r«*volve around the earth, than there is to suppose that they 
revolve around each of the other planets, separately, and at the 
same time ; stnee the same apparent revolution is common to 
them all, for they all appear to revolve upon their axes, m 
different periods. 

The rotation of the earth determines the length of the day, 
and may be regarded as one of the most important elements is 
astronomical science. It serves as a universal measure of time, 
and forms the standard of comparisdn for the revolution of the 
celestial bodies, for all ages, past and to conle. Theory asd 
observation concur in proving, that among the innumerabfe 
vicissitudes that prevail throughout creation, the period of the 
earth*s diurnal rotation is immutable. 

The earth performs one complete revolution on its axis in 
. 23 hours, 56 minutes, and 4.09 seconds, of solar time. This is 
called a sidereal day^ because, in that time, the stars appear to 
complete one revolution around the earth. 

But as the earth advances almost a degree eastward in its 
orbit, in the time that it turns eastward around its axis, it is 
plain that just one rotation never brings the same meridian 
around from the sun to the son again ; so that the earth re* 
quires as much more than one complete revolution on its axis to 
complete a tolar day^ as it has gone forward in that time. 
Hence in every natural or solar day, the earth performs one 
comnlete revolution on its axis, and the 365th part of another 
revolution. Consequently, in 365 days, the earth turns 366 
times around its axis. And as every revolution of the earth on 
its axis completes a sidereal day, there must be 366 sidereal 
days in a year. And, generally, since the rotation of any planet 
about its axis is the length of a sidereal day at that planet, the 
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namber of sidereal d-ajs will always exceed the number of solar 
daySy by one, lei that number be what it may, one reyoluiion 
beiag lost in the course of an annual revolution. This difference 
between the sidereal and solar days may be illustrated by 
referring to a watch or clocks When both hands set out to- 
gether, at 12 o*clock for instance, the minute hand must travel 
more than a whole circle before it will overtake the hour hand, 
that is, before they will come into conjunction again. 

In the same manner, if - a man travel around the ekrth east' 
wurdly^ no matter in what time, he will reckon one day more^ 
on his arrival at the place whence he set out, than they do who 
remain at rest;. white the man who traveU around the earth 
westwardly will have one day kn. From which it is mapifest, 
that, if two persons start from the same place at the same time, 
but go in contrary directions, the one traveling eastward and the 
other westward, and each goes completely around the globe, 
although they should both arrive again at the very same hour 
at the same place /rom which they set out, yet they will disa» 
gree two whole days in their reckoning, should the day of 
their return, to the man who traveled westwardly, be Monday, 
to the man who traveled eastwardly, it would be Wednesday ; 
while to those who remained at the place itself, it would . be 
Tuesday. 

Nor is it necessary, in order to produce the gain or loss of a 
day, that the journey be performed either on the equator, or on 
any parallel of latitude ; it is sufficient for the purpose, that all 
the meridians. of the earth be passed through, eastward or west* 
ward. The time, also, occupied in the journey, is equally 
unimportant; the gain or loss of a day being the same, whether 
the earth be traveled around in 24 years, or in as many hours. 

It is also evident, that if the earth turned around its axis 
but once in a year, and if the revolution was performed the 
same way as its revolution around the sun, there would be per- 
petual day on one side of it, and perpetual night on the other. 

From these facts the pui»l will readily comprehend the principles in- 
volved ' in a curious problem which speared a few years ago : It was 
gravely reported l^ an American ship, that, in sailing over the ocean, it 
chanced to find six Sundays in February, The fact was insisted on, 
and a solution demanded. There is nothing absurd in this. — The man 
who travels around the earth, eastwardly ^ will see the sun go down a 
little earlier every succeeding day, ^an u he had remained at rest ; or 
I earlier than they do who live at the place from which he set out. The 
fiister he travels toward the rising sun, the sooner will it appear above the 
horizon in ttie morning, so much the sooner will it set in the evening. 
What he thus ^ns m time, will bear the same proportion to a solar day, 
as the distance traveled does to the drcumference of the earth. — Ax the 
globe is 360O in circumference, the sun will appear to move over one 
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tm!Bty4aftafk part of ill -sor&ce, or 14^ ereiy hour, which is four 
minutes to one deerte, — Consequently, 'the sun will rifle, come to the 
meridian, and set, Itur minutes sooner, tit a place 1^ east of us, than it 
will with as; at liM distance of 2^, the sim will rise and set eight min- 
utes sooner | at the disti^noB of 8P, tweive minutes sooner, and so on. 

Nqw Um man who tiaveis one degree to the east, the first day, wiB 
have the t>un on bis hieridian four minutes sooner than we do who are 
at rest; and the secopd day, eight minutes sooner, and on the third day, 
twelve minutes sooner, and so on ; each succeiisive day being completed 
four minutes earlier wan the preceding, until he anives again at the 
place frdm which he started ; when this c^^ntinual gain of four minutes 
a day will have amounted to a whole day in ojdxxmet of our time ; be 
having seen the sun rise and set once more than we have. Consequently, 
the day on which he arrives at home, whatever day of the week it may 
be, is one day in advance of ours, and he must neeJs live that day over 
again, by calling that day by the same name, in oider to make the 
accounts harmonite. 

If this should be the last day ef February u a bissextile year, it would 
aliD be die mme dayof tlie week that the first was, and be six liujes 
repeated ; and if it dk>uld happen on Sunday, he would, under these 
dreumstanoes, have six Hwidsya in February. 

Again :— Wheneas the man who travels at (he rate of one degree to the 
east, will havje all his days four minutes, sAoHcr than oura, 8«»,'on the 
contrary, the man who travels at the same rate toward the weal, will 
have all his days four minutes longer than ouia. W hen he has finished 
Che circuit of Uie earth and arrived at the pUce from which he fiist set 
out, he will have seen the sun rise and set once lus than we have. 
Consequently, the day he gets home will be one day after the tinMs of 
that place : for which reason, if he arrives at home on Saturday, accord- 
ing to his own account, he will have to call the next day Monday g 
Sunday having gone by before he reached home. Thus, on whatever 
day of the week Januaiy should end, in common years, he would find 
the same day repeated only three times in February. If January ended 
on Sunday, he wovdd, imdte these drcnmstancea, find only three Sun- 
days in February. 

The earth's motion about its axis being perfectly equable and 
mifonn in every part of its annual revolution, the sidereal days 
are always of the same len^h, but the solar or natural days 
rar^ very considerably at different times of the year. This 
f ariation is owing to two distinct causes : the inclination of the 
aarth's axis to its orbit, and the inequality of its motion around 
^e sun. From these two causes it is, that the time shown by 
a well regulated clock, and that of a true sun-dial^ are scarcely 
#ver the same. The difference between them, which sometimes 
amounts to 16^ minutes, is called the Equation of Time, or the 
vquation of solar days. * 

The difference betveeen mean and appareni time, or, in other words, 
fetween Equinoctial and EeUptie time, may be fiirther shovm by the 
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fignr* wAittAk r e ptettinU &e circle of tiie sphere. Let it be fiist premised, 
tint equinoctiai time is clock time; ana that ecUpiic time is solar or 
apparent time. It appears that from Aries to Cancer, the sun in the 
ecbptic comes to the meridian before the equinoctial sim ; from CaaiccY 
to Libra, after it ; from Libra to Capricorn before it ; and from Capricorn 
to Aries, after it If we notice what months the sun ia in these {several 
quarters, we shaH find that from the 9&th of iiecemher to ^e \fith oi 
April, and from the 1 6th of June to the Ist of September, the clock le 
foBter than the sun-dial ; and that, from the 1 6th of April to the 1 6th of 
June, and from the 1st uf September to the 26th of Deceml^er, the wtV" 
dial is fester ^lan the dock. 

CQUATION pr TIMB. 
K 




It is a uoiyersal fact, that, while none of the planets are 
perfect spheres, none of their orbits are perfect circles. The 
planets ail reyoive about the sun, in eTIipsea of different degrees 
of eccentricity ; haying the sun, not in the center of the ellipse, 
\\iX in one of its foci. 




ThefigaroADBBi8an«0^pM. The line 
A B is called the traosverae axis, and the 
line drawn through the middle of this line, 
and perpendicular to it, is the cdnjagats 
axis. The point C, ihe middle of the trans- 
verse axis, IS the eenur of the ellipse. The 
points P and f, equally distant from C, are 
called the/o«». C F, the distance from the 
center to one of the foci, is called the eccen- 
tricity. The orbits of the planets bein^ el- 
lipses, haying the sun in one of the foci, if 
A B D E be the orbit of a planet, with the 
sun io ths focus F) when the planet is at 
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tlM point A, it wQI be ih its ptnkditn. er iteueft the sun; tad Whon «l tite 
point B, in its apkwfiHi or at iM greatest distanee from the san. The diftrwiee 
in these distances is evidently equal to F f, that is. equal to twice the eccen- 
tricity of its orbit. In every revoiutlon, a planet passes through its perihelion 
ftnd aphelion. The eccentricity of the earth's orbit is about one and a half 
millions of miles: henee she m three millions of miles nearer the aun in hei 
perihelion than in her aphelion. 

Sow, as the sun remains fi^ed in the lower focus of the earth's orbit, it is 
easy to perceive that a line, passhig centrally through the sun at right angles 
with the lon^^r axis of the orbit, will divide it ii^to two 'mieqaal segments. 
Freeisely thus it i$ dwided by the e^(uinoetiaL j 

That portion of the eafth*« orbit which lies dbont the sun, or 
north of the equinoctial, contains about 184 degrees; while that 
portion of it which lies htloftjo the sun, or wuih of the equinoctial, 
contains only 176 degrees. This fact shows why the sun con- 
tinues about eight days longer on the north side of the equator 
in sumaier, than it does on the south side in winter. 

The pointB of the eartfa*8 orbit which connespond to its greatest and 
least distances from the sUn, sie called — ^the former, the apogeCt and the 
latter, the perigee / two Greek words, the former of Which signifies friym 
ike earth, and the latter, edfOttt the earth. These points are also deog^ 
nated by the oommoi) name of apsides. 

The earth being in its perihelion about the Ist of January, and 
in its aphelion 3ie 1st of July, we fiire three millions of miles 
nearer the sun in winter than in midsummer. The reason why 
we have not, as might be expected, the hottest weather when 
the earth is nearest the sun, is, because the sun, at that time, 
having retreated to the southern tropic, shines so obliquely on 
the northern hemisphere, that its rays have scarcely half the ef- 
fect of the summer sun ; and, continuing but a short time above 
the horizon, less heaC is accthnulated by day than is dissipated 
by night. 

As the earth performs its annual revolution around the sun, 
the position of its axis remains invariably the same, — ^always 
pointing to the north pole of the heavens, and always maintain- 
ing the same inclination to its orbit. This seems to be provi- 
dentially ordered for the benefit of mankind. If the axis of the 
earth always pointed to the center of its orbit, all external ob- 
jects would appear to whirl about our heads in an inexplicable 
maze. Nothing would appear permanent. The mariner could 
no longer direct his Course by the stars, and every index in na- 
ture would mislead u6. 

The following is a summary of our knowledge of the earth, 
as a planet; epoch, 1st January, 1801 : 

Mean distance from the sun (96,000,000 miles), its radius unity, 23984 
Distance at periheKcm) mean distance unity, - - 0.09832 

l>istance at aphelion, mean distance unijiy, - 1.0168 

Mean sideral xevolution,.in solar days, - 365.2563612 
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Mean teqiiea] iteivdutioii, ia aolttr days, 
JMean anomalistic resolution, in solar day% 
£ntire revolution of the sun^s perigee, in acdar days» 
Mean longitude, corrected 20" for aberration, 
Motion in perihelion, in a mean solar day, •> 
Mean motion, in a mean solar day, 
Mean motion in a sidereal day, - 
Motion in aphelion, in a mean solar day, 
Mean longitude of perihelion, • ' 

£. motion of line A apsides, per annum, 

Ditto, referred to the ecliptic, - 
Complete tropical revolution of iqpsides in yean, 
Obliquity of ecliptie, ' - 
Annual diminution of dittos 
Semi axis, major of niit|Ktion^ 
Annual luni^olar pieoeesion. 
General prscesnon in longiUids, ^ •• 

Complete revolution of equinoxes, in y«8i% 
Lunar nutation in longitude, 
8olar nutation in longitude, 
Ecpentricity of orbit, semi axis major as unity. 
Decrease of ditto in 100 years. 
Diurnal acceleration of sidereal or mean solar time, 
From the vernal equinox to the summer solstice. 
Prom the summer soktice to the autumnal equinox, 
Prom the autumnal equinox to the winter solstice, 
From the winter solstice to the vernal equinox, 
Mass, sun as unity, 

Volume, - - - • ' 

Density, sun as unity, - • - 

Density, water as unity. 

Mean diameter (equatcnial, 7924, polar, 7898), in miks. 
Centrifugal force at the equator, 
Time of passage of light from' the sun, 
Motion of earth, in orbity m the same time. 
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THE MOON. 

. Thbrk is no object within the scope of astronomical observa* 
tion ^hich affords greater variety of interesting investigation 
than the various phases and motions of the moon. From them, 
the astronomer ascertains the form of the earth, the vicissitudes 
of the tides, the causes of eclipses and occultations, the distance 
of the suUf and, consequently, the magnitude of the solar system. 
These phenomena, which are perfectly obvious to the unassisted- 



848 GEOGRAPHY OF THE HEAVENS. 

eye, served as a standard of measfirement to aV nations, until 
the adTaneement of science taught them the advantages of solar 
time. It is to these phenomena that the navigator is indebted 
for that precision of knowledge which gaides him with well- 
grounded confidence through the pathless ocean. 

The Hebrews, the Greeks, the Romans, and, in general, all 
the ancients, used to assemble at the time of new or full moon, 
to discharge the duties of piety and gratitude, for her unwearied 
attendance on the earth, and all her manifold uses. 

When the moon, af^r having been in conjunction with the 
sun, emerges from his rays, she first appears in the evening, a 
little after sunset, like a fine Luminous crescent, with its convex 
side toward the sun. If we observe her the next evening, we 
find her about 13^ further east of the san than on the preceding 
evening, and her crescent of light sensibly augmented. Repeat- 
ing these observations, we perceive that she departs further and 
further from the sun, as her enlighiened surface comes more and 
more into view, nntil she arrives at her fint quarter^ and comes 
to the meridian at sunset. iShe has then finished her course 
from the new to the full, and half her enlightened hemisphere is 
turned toward the earth. 

After her first quarter, she appears more and more gibbouHf 
as she recedes further and further from the sun, until she has 
completed just half her- revolution around the earth, and is seen 
rising in the east when the sun is setting in the west. She 
then presents her enlightened orb full to our view, and is said 
to be m opposition i because she is then on the opposite side of 
the earth with respect to the sun. ^ 

In the first half of her orbit, she appears to pass over our 
heads through the upper hemisphere ; she now descends below 
the eastern horizon, to pass through that part of her orbii which 
HeS in the lower hemisphere. 

After her fbli, she wanes through the same changes of appear- 
ance as before, but in an inverted order ; and we see her in the 
morning like a. fine thread of light, a little west of the rising 
sun. For the next two or three days, she is lost to our view, 
rising and setting in conjunction with the sun ; after which, she 
passes over, by reason of her daily motion, to the ciut side of the 
sun, and we behold her again a new moon, as before. In 
changing sides with the sun, she changes also the direction of 
her crescent. Before her conjunction, it was turned to th^ east; 
it is now turned toward the west. These different appearances 
of the moon are called her phases. They prove that she shines 
not by any light of her own ; if she did, being globular, we 
should always se^ her a round, full orb, like the sun. 

The moon is a satellite to the earth, about which she revolves, 
in an elHptieal orbit, in 29 days, 12 hours, 44 minutes, and 3 
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seconds : the time which elapses between one new moon and 
another. This is called her synodic revolution. Her revolution 
from any fixed star to the same star again is called her ptriodiii 
or «idereai revolution. It is aoeoinplished in 27 days, 7 hours, 
43 minutes, and 11} seconds; but, in this time, tlie earth has 
advanced nearly as^any degrees in her orbit, consequently, the 
moon, at the end ot one complete revolution, must go as many 
df^grees further, before she will come again into the same p(j#i- 
tioii with respect to the sun and the earth. 

The moon is the neaxest of all the heavenly bodies, being 30 
times the diameter of the earth, or 340,000 iniles, distant from 
us. Her mean daily motion, in her orbit, is nearly 14 times as 
great as the earth's ; since she not only accompanies the earth 
around the sun every year, but, in the meantime, performs nearly 
13 revolutions about the earth. , 

Although the apparent motion of the moon, in her orbit, is greater 
than that of any other heav^ily body, since she passes over, at a mean 
rate, no less than 13^ 10' SS" in a day ; yet this is to be imderstood as 
wigular motion — ^motion in a small orbit, and, theiefcne, embracing a 
great number o( degrees, and but oompamtively few miles. 

The moon, though apparently as large as the sun, is the 
smallest of all t)ie heavenly bodies that are visible to the naked 
eye. Her diameter is but2162 miles ; consequently, her surface 
is 13 times less than that of the earth, and her bulk 49 times 
less. It would require 70,000,000 of such bodies to equal the 
volume of the sun. The reason why she appears as large as 
the sun, when, in truth, she is so much less, is because she is 
400 times nearer to us than the sun. 

The moon revolves once on her axis, exactly in the time that 
she performs her revolution around the earth. This is evident 
from her always presenting the same side to the earth ; for if 
she had no rotation upon an axis, every part of her surface would 
be presented to a spectator on the earth, in the course of her 
synodical revolution. It follows, then, that there is but one day 
and mghi in her year^ containing, both together, 29 days, 12 
hours, 44 minutes, and 3 seconds. 

As the moon, while revolving about the earth, is carried with 
it at the eame time around the sun, her path is extremely irregu- 
lar, and very different from what it seems to be. Like a point 
in the wheel of a carriage, moving over a convex road, the moon 
will describe a succession of epicycloidal curves, which are al- 
ways concave toward the sun, not very unlike their presentation 
in the following figure. 
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THC MOON> MOTION. 




Let Adh B repreieiit • poition of the earth** crrbit ; and ahtdt the hmar 
orbit. When the earth U at ft, the new rnoon is at a; and while the earth i* 
moving from 6. to its ponition as represented in the figure, the moon has moved 
through half her orbit, from a to e, where she is fuU; so, while the earth is 
moving from its present position, to d, the moon describes the other half of her 
orbit, from « to s, where she is again in conjunction. . 

As the moon turns on her axis only as she. motes around the 
earth, it is plain that the inhahitants of one half of the lunar 
world are totally deprived of the sight of the earth, unless they 
travel to the opposite hemisphere. This we may presume they 
will do, were it only to view so sublime a spectacle ; for it is 
certain that, from the moon, the earth appears Un time» larger 
than any other bod^ in the universe. • 

As the moon enlightens the earth, by reflecting the light of 
the sun, so likewise the earth illuminates the moon, exhibiting 
to her the same phases that she does to as, only in a contrary 
order. And, as the surface of the earth is 13 times as large as 
the surface of the moon, the earth, when full to the moon, will 
appear 13 times as large as the full moon to us. That side of 
the moon, therefore, which is toward the earth, may be said to 
have no darkness at all, the earth constantly shining upon it 
with extraordinary splendor when the sun isaosent; it therefore 
enjoys successive! v two weeks of illumination from the sun, 
and two weeks of earth-light from the earth. The other aide 
of the moon has alternately a fortnight's light, and a fortnight's 
darkness. 

As the earth revolves on its axis, the several continents, seas, 
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and kkndsy appear to tha kmar inhabitanU like eo many spots, 
of different forms and bMghtness^ alternately moving o?er its 
surface, beinff more or less brilliant, as tbey are seen throoffh 
interTening elouds. By these spots, the lunarians can not omy 
determine the period of the earth's rotation. Just as we do that 
of the suu bat they may also find the longitude of their places, 
as we find the latitude of ours. 

Kb the fall mo6n always happens when the moon is directly 
opposite the sun, all the fall moons in our wifUer, must happen 
when the moon is on the north side of the equhaoctial, because 
tUen the son- is on the $ouik side of it; consequently^ at the 
north pole of the earth, there will be a fortniffht's moon-light 
and a fortnight^s darkness by turns, for a period of six monus, 
and the same will be the fact during the aun's absence the other 
six months, at the south pole. 

The moon's axis being inclined only about 1}^ to her orbit, 
she can have no sensible diversity of seasons; from which we 
may infer, that her atmosphere is mild and nniform. The quanti- 
ty of ligiit wl|ich we derive from the moon when full, is at least 
three htindred Uioosaad times less than that of the sun»* 

When viewed through a good telescope, the moon presents' a 
most wonderful and interesting aspect. Besides the large dark 
spots* which a^ visible to the naked eye, we pereeiviB extensive 
valleys, shelving rocks, and long ridges of elevated mountain^ 
projecting their shadows on the plains below. Single moun- 
tains occasionally rise to a great hight, while circular hollows, 
more than three miles deep, seem excavated in the plains. 

Her mountain scenery bears a striking resemolance to the 
towering sublimity and terrific ruggedness of the Alpine regions, 
or of the Appenines, after which some of her mountains have 
been named, and of the Cordilleras of our own continent.-«- 
Huge masses of rock rising precipitously from the plains, lift 
their peaked summits to an immense hight in the air, while 
shapeless crags hang over their projecting sides, and seem on 
the eve of being precipitated into the tremendous chasm below. 

Around the base of these fri&htful eminences, are strewed 
numerous loose and unconnected fragments, which time seems 
to have detached from their parent mass; and when we examine 
the rents and ravines which accompany the overhanging cliffs, 
the beholder expects every moment that they are to be torn from 
their base, and that the process of destructive separation which 
he had only contemplated in its effects, is about to be exhibited 
before him in all its reality. 

* This in Aions. Boiiqiiei*t infert«nee. from his ezperiin<*iitB. a* ttnted by T«« 
Place, in his work, p> 4*2. The result of Dr. Wollaston's com^atntinns wat 
different. Profewor Leslie makes the liirht of the tnonn 150 000 times lesa thai 
Uial of the wan : it was formerly rsckonecl 100,000 times less. 
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. The raii|^ of MoantftiiiB ctUed tlie ApfMMiiiies, whwii frayeraet 
a portion of thit moon** disk from nofth-east to so&th-west, and 
of which somo ptits are visible to the naked eye, rise with a 
precipitoua and craggy froo4 from the lerel of the Mart Iwbriutii, 
or Sea of showers.* In this extensive range are seveira} ridgea 
whose sooMiuts hava a perpaadicuiar eleration of ftmr miles, 
and more; and though they often descend to a rauehlower l«vel, 
they present an iaaccaifeaihia (carrier on the north-east, while on 
the soQth-west they aink'in ffsotle deeltvity to the plains. 

Tbeie ta one rsoiaikaU* ftatdre in the moon'a sarfaee, which 
bears no analogy ,to any thitig abaerrable on the earth. Thia 
is the circular eaiitles which appear in etery part of her disk. 
Some of these inmiense caverns are nearly four miles deep, and 
forty miles in diaaietM'. They are most nnmerous in^the soath- 
western part. As they reflect the sQn*s rays more copiously, 
they rsaner this part of her surface more brilliant than any other. 
They pcesant to us neatly ithe same appearance as our earth 
might be supposed to present to the moon, if all our gteat lakes 
and seas were dried ap. 

The number of. remarkable spots on the moon, whose latitode 
and longitude have been accurately determined, exceeds two 
hundred. The nun/her of seas and lakes, aa they were formerly 
considered, whose length and breadth are known, is between 
twenty and. thirty; while the number of peaks and mountaina, 
whose perpendicular elevation varies from a fourth of a mile to 
five miles in hight, and whose bases are from one to seventy 
miles in length, ts not less than one hundred and fifty.f 

Graphical views of these natural appearances, aooomuanied with mii>- 
nte and familiar desciiptionsy constitute what is called Saenography^ttom 
two Greek words, which mean the same thing in regard to the moon, as 
Geography does in regard t) the earth. 

An idea Of some of these scenes may he formed by conceiv- 
ing a plain of about a hundred miles in circumference, encircled 
by a range of mountains, of various forms, three miles in per- 
pendicular bight, and having a mountain near the center, whose 
top reaches a mile and a half above the level of the plain. 
From the top of this central mountain, the whole plain, with all 
Its scenery, would be distinctly visible, and the view would be 
bounded only by a lofty amphitheater of mountains, rearing 

their summits to the sky. 

« 

* The name of a Innar spot 

t BrewBler't Mmograiph^. The best maps of the noon hitherto pablishedt 
are those by Mftdler and Beer ; hat the most curious and complete representa- 
tion of the telescopic and natural appearances of the moon, is to be seen oa 

Jla?«-»c. Ti/n^' niche See also Stkncgrapkia^ by C. piunt. 
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The bright tpott of the moon are the moantainous re^ons ; 
while the dark apots are the plains, or more level parte of her 
surface. There may be rivere or small lakes on this planet ; 
bat it is generally thought, by astronomers of the present day, 
that there are no seas or large collections of water, as was former^ 
Ij supposed. Some of these mountains and deep vaHeys are 
Tisible to the naked eye ; and many more are visible through a 
telescope of but moderate powers. 

A telescope which magnifies only a hundred times, will show 
a spot on the mooD*s surface, whose diameter is twelve hundred 
ana twenty-three yards; and one which magnifies a thousand' 
times, will enable us to peroeive any enlightened object on her 
surface whose dimensions are only a hundred and twenty-two 
yards, which does not much exceed the dimensions of some of 
our public edifices, as for instance, the Capitol at Washington, 
or St. Paul's Cathedral. Professor Frauenhofer, of Munich, 
recently announced that he had discovered a lunar edifice, re- 
sembling ^fortification^ together with teveral linea ff road. The 
celebrated astronomer Schroeter, conjectures the existence of a 
great city on the east side of the moon, a little north of her 
equator, an extensive canal in another place, and fields of vege- 
tation in another. But no reliance is to be placed on these con- 
jectures. 



SOLAR AND LUNAR ECLIPSES. 

Or all the phenomena of the heavens, there are none which 
engage the attention of mankind more than ecljpses of the sun 
and moon; and to those who are unacquainted with astronomy, 
nothing appears more wonderful than the accuracy wi-th which 
they can be predicted. In the early ages of antiquity they were 
regarded as alarming deviations from the established laws of 
nature, presaging great public calamities, and other tokens of 
the divine displeasure. 

In China, the prediction and obeervanoe of eclipaes are made a mattei 
(^ state policy, in order to operate on the fears of the ignorant, and im 
pose on them a superstitious regard for the occult wisdom of their rulera 
In Mexico, the natives fast and afflict themselves during eclipses, undei 
an apprehoision that the Great Spirit is in deep sufieranoe. Some of th« 
noithem tribes of Indians have imagined that Uie moon had been wound- 
ed in a quarrel ; and others, that she was about to be swallowed by a 
huge fish. 

It was by availing himself of these superstitious notions that Columbus, 
when shipwrecked on the island of Jamai<^ extricated himself and crew 
from a most embamssing condition. Being driven to great distress ibr 
want of provisions, and the natives refiismg Inm any aaastance, whenall 

X 
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hd^ wemed to be cut off, he bethought himaeir of their raperalitkm in 
regard to edipses. Having aaaeinbled the principal men of the island, he 
remoiifltrated against their inhumanity, as being offensive to the Giieat 
Spirit, and told them that a great plague was even then ready to fiiU upon 
them, and as a token of it, they would that night see the moon hide her 
fece in anger,^ and put on a dreadfully dark and threatening aspect llus 
artifice' had the desired e<]S6t ; for the eclipse had no sooner begun than 
the frightened barbarians came running with all kinds of provisions, and 
throwing themselves at the feet of Columbus, im|dored his forgiveness. — 
Almagest vol. I, 65 c, v. 3. 

^n eclipse of the sun takes place, when the dark body of the 

m(K)ii.pas8iii{|r directly between the earth' and the sun, intercepts 

'his light. This can happen only at the instant of new moon, or 

when the moon is in conjunction ; for it is only then that she 

passes between us and the sun. - 

An eclipse of the moon takes place when the dark body of the 
earthy coming ^tween her and the sun, intercepts his light, and 
throws a shadow on tlie moon. This can happen only at the 
time of fiM moon, or when the moon is in opposition ; for it is 
only then that the earth is between her and the sun. 

As every planet belonging to the solar system, both primary 
and secondary, derives its light from the sun, it must cast a 
shadow toward that part of the heavens which is opposite to the 
sun. This shadow is of course nothing but a privation of light 
in the. space hid from the sun by the opak(S body, and will 
be proportioned to the magnitude of the sun and planet. 

, if the sun and planet were both of the same magnitude, the 
form of the shadow cast by the planet, would be that of a cylin- 
dei;, and of the same diameter as the sun or planet. If the 
planet were larger than the sun, the shadow would continually 
diverge, and gcpw larger and larger; but as the sun is much 
larger than anj;: of the planets, the shadows which they cast 
must converge to a point in the form of a cone ; the length of 
which will be proportional to the size and distance of the 
planet from the sun. 

The magnitude of the sun is such, that the diadow cast by each of the 
primary planets always converges to a point before it reaches any other 
planet ; so that nqt one of the primary planets can eclipse another. The 
shadow of any planet which is accompanied by satellites, may, on oertam 
dccasions, eclipse its satellites; but it is not long enough to eclipse any 
ifther body.- The shadow of a satellite, or moon, may also, on certain 
occasions, fell on the primary, and eclipse it. 

When the sun is at hi9 greatest distance from the earth, and 
ther moon at her lea$t distance,, her shadow is sufficiently long to 
reach the earth, and extend 19,000 miles beyond. When the 
son is at his kaat distance from the earth, and the moon at he? 
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^eaiestf her shadow will not reach the earth*8 surface by 90,000 
aiiles. So that when the son and moon are at their mean 
distances, the cone of the moon's shadow wUl terminate a little 
before it reaches the eanh's sorface. 

In the former case, if a conjunction take place when the 
center of the moon comes in a direct line between the centers of 
the sun and earth, the dark shadow of the moon will fall cen- 
trally upon the earth, and cover a circular area «f 175 miles iA 
diameter. To all places lying within this dark spot, the sun 
will be totally eclipsed, as illustrated by the figure. 

BCLIPSES of' THS SUN. 




In consequence of the earth's motion during the eclipse, this drcular 
area becomes a continued belt over the earth*s aorfiioe ; being, at the 
broadest, 176 miles wide. This belt is, however, rarely so broad, and 
often dwindles to a mere nominal line, without total darkness. 

In March, diis line extends* itself from 8. W. to N. E., and in Sep- 
tember, from N. W. to S. £. In June, the central lifte is a curve, gomg 
firat to the N. E., and then to the S. £. ; in December, on the contrary, 
first to the 8. £., and then to the N. E. To all places within 2000 
miles, at least, of the central line, the eclipse will be visible ; and the 
nearer the place of observation is to the line, the larger will be the eclipse. 
In winter, if the central trace be but a little northward of the equator^ 
and in summer, if it be 2.'>o N. latitude, the eclipse wiU be visible all over 
the northern hemisphere. As a general rule, though liable to many modi- 
fications, we may observe, that places from 200 to 250 miles from the 
central line, will be 1 1 digits eclipsed ; fix>m thence to 500 miles, 10 digits; 
and so on, diminishing one digit in about 350 miles. 

If, in either of the other cases, a conjunction take place when 
the moon's center is directly between the centers of the sun and 
earth, as before, the moon will then be too distant to cover the 
entire face of the sun, and there will be seen, all around her dark 
body, a slender nlig of dazzling light. 

4» p 
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This may be ilhntnled by the foregoing fiipnre. Su ppoee C Dtore- 
ptesent a put of the eaitfa'i orbit, and the moon's ahadow to texminate 
at the Teitez V. The flmall apace between ef will repro a on t the breadth 
of the Iwninoua ring which wm be viaiUe all around the dariL body of the 
moon. 

Such waa the edipae of Februaiy 12, 1831, which paand over the 
aonthem atalea from 8. W. to N. E. It was the first annular eclipbe 
ever visible in the United States. A long the path ci this eclipse, the lumio- 
oos ring remained perfect and unbroken for the space of two minutes 

From the most elaborate calculati<xis, compared with a long series of 
observations, the length of the moon's shadow in eclipses, and her distance 
from the sun at the same time, vary within the limits of the following 
table: 



Leii||[th of shadow, 
"Dm. of moon. 



Length of •hadow in 
semidiameters. 



Lenffth 
in miles. 



Distance in 
semidiameteTS. 



Distance 
in miles. 



Least 

Mean 

Greatest 




S2a499 
23(2.328 
336,392 



55.903X3956^ 

60.1 

63.862; 




231.148 
938.300 
352.638 



Thus it appears that the length of the cone of the moon's shadow, in 
eclipses, varies from 228^499 to 236,292 miles ; being 7,793 miles longer 
in the one case, than in the other. The inequality cl her distances from 
the earth is much greater; they vary from 221,148 to 252,638 miles, 
making a difierenoe of 31,490 nulea. 

Although 1^ central eclipse of the sun can never be total to 
any spot on the earth more than 176 miles broad ; yet the soace 
OTer which the sun will be more or less partialhf eclipsed, is 
nearly 5000 miles broad. 

The section of the moon's shadow, or her penumbra, at the earih'a sur- 
&oe, m eclipaea, is fiir from being always circular. If the conjuncdon 
happen when the center of the moon is a little above or a little behw the 
line joming the centers of the earth and sun, as is most frequently the 
case, the shadow will be projected chUqutly over the earth's suifoce, and 
^us cover a much laiger space. 

To produce a partial eclipse, it is not necessazy that the diadow should 
reach the earth ; it is suffiaeht that the apparent distance between the 
sun and moon be not greater than the sum of their semidtameters. 

If the moon performed her revolution in the same path in 
which the sun appears to move ; in other words, if her orbit lay 
exactly in the plane of the earth's orbit, the sun would be 
eclipsed at the time of every new moon, and the moon at the 
time of every full. But one half of the moon's orbit lies about 
5^ on Uie north side of the ecliptic, and the other half as far on 
the south side of it; and, consequently, the moon's orbit only 
crosses the earth's orbit in two opposite points, called the 
moon's nodes. 
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When the iDo6n is in one of these points, or nearW so, at the 
time of the new moon, the son will be eclipsed. When she is 
in one of them, or nearly so, at the time of full moon, the moon 
will be eclipsed. But at all other new moons, the moon either 
passes above or below the sun, as seen from the earth ; and, at 
all other full moons, she either passes abore or below the earth's 
shadow ; and, consequently, there can be no eclipse. 

If the moon be exactly in one of her nodes at the time of her 
change, the sun will . be centrally eclipsed. If she be I}^ from 
her node at the time of her change, the sun will appear at the 
equator to be about 11 digits eclipsed. If she be 3^ fropa her 
node at the titaie of her change, the sun will be 10 digits eclipsed, 
and so on ; a digit being the twelfth part of the sun*s diameter. 
But when the moon is about 18^ from her node, she will just 
touch the outer edge of the sun, at the time of her change, 
without producing any eclipse. These are called the eeliptie 
limits. Between these limits, an eclipse is doubtful, and re* 
quires a more exact calculation. 

The mean eclipticlimit for the sun is 16^^ on eadi side of the Uode; 
the mean ecliptic limit for the moon is l>0|o on each side of the node. 
In the former case, then, there are 33^ about each^ node, making, in all, 
66^ out of 360^, in which eclipses of the sun may happen : in the latter 
case, tbeTs are 21^ about each node, making, in all, 42<^ out of 360^, in 
which eclipses of the moon usually occur. The proportion of the solar 
to the lunar eclipses, therefore, ii as 66 to 4S, or as 1 1 to 7. Yet there 
are more irisible eclipses of the moon, at any gi^en place, than of the 
sun : because a lunar eclipse ii visible to a whole hemiaphere, a solar 
eclipse only to a small portion of it. 

The greatest possible duration of the annular appearance of a 
solar eclipse, is 13 minutes and 34 seconds ; and the greatest 
possible time during which the sun can be totally eclipsed, to 
any part of the world, is 7 minutes and 68 seconds. The moon 
may continue totally eclipsed for one hour and three quarters. 

Eclipses of the sun always begin on hii western edge^ and 
end on his eastern ; but all eclipses of the moon commence on 
her eastern edge, and end on her western. 

If the moon, at the time of her opposition, be exactly in her 
node, she will pass through the center of the earth's shadow, 
and be totally eclipsed. If, at the time of her opposition,Vshe 
be within 6^ of her node, she will still pass through the earth's 
shadow, though not centrally, and be totally eclipsed: but if 
she be 13^ from her node, she will only just touch the earth's 
shadow, and pass it without being eclipsed. 

The duration of lunar eclipses, therefore, depends upon the difference 
between the diameter of the moon and that section of the earth's shadow 

x2 . 
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tliroagh which die pmnM. . When an ecHpee of the moon is hoth total 
and central, its duration is the longest poesihlsi amounting nearly to 4 
boon; but the duration of all eclipses not central Taries with her diHtanfin 
fiom the node. 



BCLIPfllS OF THE MOOIT. 




The diameter of the earth's shadow, at the distance of the 
moon, is nearly three tiroes as large as the diameter of the moon ; 
and the length of the earth's shadow is nearly four times as ^re^t 
as the distance of the moon ; exceeding it in the same ratio that 
the diameter of the earth does the diameter of the moon, whicli 
is as 3.663 to 1. 

*Thal«Dgthortheflurth%riiMlow,aiid Ui dkunater at the dbtumof 
Sw nooo, are wlject to the Tariatioiii exhii'itcd in the followfaig taMe i 



Diamtteroflhe iLncih of the 
•hadow. I rinTl'Mv in n«. 



San at the perigee 



8an at his mean distance 



Sun at the apogee 



Moon at the apogee 
Moon at her mean distauct 
Moon at the perigee 
Moon at the apogee 
Moon at her mean distaiict- 
Moon at the perigee 

(Moon at the apogee 
Moon at her mean distance 
Moon at the per gee 



6.762 
6.292 
5.270 
6,709 
6.329 
5.306 
5836 
6365 



842,217 



8565:17 



871,963 



The fint column of figures expresses the diameter of the earth's sha- 
dow at the moon : and as the diameter of the moon is only 2 1 62 miles, 
it is evident that it can always he comprehended by the diadow, which is 
more than twice as broad as the disH of the moon. 

The time which elapses between two successtTS changes of 
the moon, is called a Lunation^ which, at a mean rate, is about 
29i days. If 12 lunar months were exactly equal to the 12 so- 
lar months, the moon's nodes would always occupy the same 
points in the ecliptic, and all eclipses would happen in the same 
months of the year, as is the case with the transits of Mercury 
and Venus: but, in 12 lunations, or lunar months, there are only 
354 days ; and in this time the moon has passed through both 
her nodes, but has not quite accomplished her revolution around 
the sun : the consequence is, that the moon's nodes fall back in 
the ecliptic at the rate of about 19}^ annually; so that the 
eclipses happen sooner every year by about 19 days. 

As the raoon passes from one of her nodes to the other in 173 
days, there is just this period between two successive eclipses 
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of the sail, or of the moon. In whatever time of the year, then, 
we have eclipses at either node, we may be sore that in 173 
days afterwards, we shall have eclipses at the other node. 

As the mo(Ni*8 nodes fidi bock, or retrograde in the ediptic, at the rate 
of 19 JP evety jrear, they will coonrfete a backward revolution entirely 
around the ecliptic to the same point again, in 18 yean 225 days ; in 
which time there would always be a regular period of eclipses, if any 
complete number of lunations were finished without a remamder. But 
this never happens ; for if both the sun and moon shouU start from a 
line of conjunction with either of the nodes in any point of the ecliptic, 
the sun would perform 18 annual revolutions and 223^ of another, while 
the moon would perform 230 lunations, and 85^ of another, before the 
node would come amund to the same point of the ecliplic again ; so that 
the sun would tlien be 1389 frimi the node, and the moon 85^ from 
the sun. 

But after 223 lunations, or 18 years 11 days,* 7 hours, 42 minutes, 
and 31 seconds, the sun, moon, and earth, wilt return so nearly in the 
same position with respect to each other, that there will be a regular 
return of the mme eclipses for many agea. This grand period was 
diBcoverer) by the Chaldeans, and by them called Simw. If, therefore, 
to the mean time of any eclipse, either of the sun or moon, we add the 
Chaldean pt^riod of 18 years and 1 1 days, we ^U have the return of 
the same eclipsa This mode of predicting edipses will hold good for a 
thousand years. In this period there are usually 70 eclipses; 41 of the 
sun, and 29 of the moon. 

The number of eclipses in any one year, cannot be less than 
two, nor more than seven. In the former case, they will both 
be of the san ; and in the latter, there will he five of the sun, 
and two of the moon — those of the moon will he total. There 
are sometimes six ; hut the usual number is four : two of the 
sun, and two of the moon. 

The cause of this variety is thus accounted for. Although the sun 
usually passes by both nodes only once in a year, he may pass the 
same node again a little before the end of the year. In ccmsequenoe of 
the retrogmde motion of the moon's nodes, be will come to either of 
them 1 73 days after passing the other. He may, therefore, return to 
the same node in about 34<5 days, having thus parsed one node twice 
and the other once, making each time, at each, an eclipse of both the sun 
and the moon, or sue in all. And, since 12 lunations, or 364 days from 
the first eclipse in the beginning of the year, leave room for another 
new moon before the close of the year, and since this new moon may 
fall within the ecliptic limit, it is possible for the sun to be eclipsed again. 
Thus there may be seven eclipses in the same year. 

Again : when the moon changes in either oi her nodes, she cannot 
come widiin the lunar ecliptic limit at the next full, (though if slie be 

• If there are four leap years in this interval, add 11 days ; bat if there are 
>^ add only ten days. 
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fiiU in one of her nodei, ihe may come into the tqlat ecliptic Emit at 
her next change, and fix months afterwards, she ,wiU change near the 
other node ; thus making only two eclipses. 

The following is a Ibrt of all the solar eclipses th>it will be visible in. 
£Sarope and America during the remainder of the presoat century. 



Tew, 


Moaih. 


Day and hoar. Digits || 


Ymr. 


Month. 


Dkj and hoar. 


Digta. 


1S48 


Mar. 


5 7 50 A. M. 


6j^ 


1876 


Mar. 


25 4 11 P. M. 


?t 


18SI 


July 


,28 7 48 A. M 


4 


1878 


July 


29 4 66 P. M. 


1S54 


May 


06 4 :» P. M. 


u* 


1879 


July 


19 2 A. M. 




1858 


Mar. 


15 6 14 A. M. 


11 


1880 


Dec. 


31 7 30 A. M. 


H 


luso 


July 


'2» 5 33 P. M 


2i 


l^«l 


May 


17 1 A. M. 




1860 


July 


18 7 33 A. M 


Hi 


18S5 


Mar 


16 35 A. M. 


9k 


1361 


Dec. 


31 7 30 A. M 


ik 


1886 


Aug. 


29 6 30 A. M. 


^ . 


1863 


May 


17 1 P. M. 


o 


1887 


Aug. 


18 10 P. M. 




1865 


Oct 


19 9 10 A. M. 


3? 


1890 


June 


17 3 A. M. 




1866 


Oct. 


& 11 IS A. M. 

6 5 AM. 





1^^9l 


June 


6 Mer. 


8i 


1887 


Mar. 




1^02 


Oct. 


10 19 P. M. 


1868 


Feb. 


28 10 AM. 




1895 


JVlar. 


26 4 A. M. 




1860 


Aug. 


7 5 21 A. M. 


m 


1SU6 


Aug. 


9 Mer. 




1870 


Dec. 


22 6 A. M. 




I8i>7 


July 


99 9 8 A. M. 


*k 


1873 


May 


26 3 A. M. 




1899 


June 


8 Mer. 


^ 


1OT4 


Oct. 


10 4 A. M 




1900 


May 


28 8 9 A. M. 


11 


1875 


Sept. 


99 5 66 A. M. 


m 











The eclipses of 18M, 1869, 1876, and 1900, will be very large. In 
those of 1858, 1861, 1873, 1875, and 1880, the sun will rise ecHpsetL 

Those of 1854 and 1875, wiM be annular. The scholar can oon- 
tinue this table, or extend it backward, by adding or subtracting the 
Chaldean period of 18 years, 1 1 days, 7 hours, 54 minutes and 31 
seomds. 

The lunar elements for the Ist of Jan. 1801, are as follows : 



Mean distance (237,000 miles) earth eq. diam. 

Mean sidereal rerolution, solar days. 

Mean tropical « aw.. 

Mean synodical « « « 

Mean longitude, ... 

Mean motion in a mean solar day. 

Mean long, of perigee. 

Mean motion d apsides, in a solar day, 

Sidereal rev. of apsides, in mean solaj days. 

Tropical revolution of ditto. 

Mean anomaly, ... 

Motion of ditto, in a mean solar day. 

Mean anomaliirtic revolution, in solar days 

Inclination of orbit, ... 

Ascending node, ... 

Motion of ditto, in a mean solar day, 

Sidereal revolution of nodes, 

83rnodical revolution of ditto, 

Revolution from node to node, 

Ercentricity of orbit. 

Greatest equation of center, 



as unity, 29.9atl75 
27d. 7h. 43 m. 11.5 a. 



27 


7 


43 04.7 


29 


12 


44 02.87 

ll8oir 08^.3 




• 


13 10 35 .0 


. 


* 


2660 10' TA 




'• 


6' 4r.o 


- 


• 


3232.5753 




• 


3231.4751 


* 


■ 


2120 6' 59".9 




. 


13O.064992 


27d. 13h. 18 m. 37.4 8. 


^ 


" 


50 8'47".9 
13 53 17 .7 




- 


3 10 .6 


. 


. 


6793.39108 




• 


346.6198.51 


t 


27 d. 5 h. 5 m. 36 8. 


. 


• 


0.0548442 




• 


go ir 12".7 
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indinAtion of axtf, • • • • 


lo 80' 10".8 


Maximum evectioiiy . • • • 


1 


20 29 .9 


Maximum yariation, . • - 


• 


36 42 .0 


Maximum amiual equatkm, • • . 




11 12 .0 


Minimum hoiizoatal parallax, ... 


• 


53 48 .0 


Mean ditto, - . - - - 


1 


67 00 .9 


Maximum ditto^ - . - • 


1 


01 24 .0 


Maximum app. diam., . . . . 




33 31 .1 


MeandittO) - ... 




31 07 .0 


Minimum ditto, 


» 


29 21 .9 


Mean diameter (about 2160 miles) earth-i as unity. 


• 


3.t)66 


Volume, earth as unity, • - . • 


» 


1 


Maaw, 


m 


0.01252 


Density, 


m 


0.615 



MARa 

Mars is the first of the exterior planets, its orbit lying im- 
mediately without, or beyond, that of the earth, while tliose of 
Mercury and Venus are within. 

Mars appears to the naked eye, of a fine ruddy complexion ; 
resembling, in color, and apparent magnitude, the star Antares, 
near which it frequently passes. It exhibits its greatest bril- 
liancy about the time that it rises when the sun sets, and sets 
when the sun rises ; because it is then nearest the earth. It is 
leaet brilliant when it rises and sets with the sun; for then it is 
five times farther removed from us than in the former case. 

Its distance from the earth at its nearest approach is about 
fifty millions of miles. Its greatest distance from us is about 
two hundred and forty millions of miles. In the former case, it 
appears nearly twenty*five times larger than in the latter. When 
it rises before the sun, it is our morning star ; when it sets after 
the sun, it is our erening star. 

The distance of all the planets fix>m the earUu whether they be interim 
or exterior planets, varies within the limits of the diameten of their orbits ; 
for when a planet ia in that point of its orbit which is nearest the earth, 
it is evidently nearer by the whole diameter of its orbit, than when it is in 
the opposite point, on the other side of its orbit The apparent diameter 
of the planet will also vary for the same reason, and to toe same degree. 

Mars is sometimes seen in opposition to the sun, and some- 
times in superior conjunction with him ; sometimes gibbous, but 
never horned. In conjunction, it is never seen to pass over the 
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8un*8 disk, like Mercury and Venus. This proves not only that 
its orbit is exterior to the earth's orbit, but that it is an opake 
body, shining only by the reflection of the sun. 

The motion of Mars through the constellations of the zodiac 
is but little more than half as great as that of the earthy it being 
generally about fifty-seven days in passing over one sign, which 
ts at the rate of a little more than half a degree each day. Thus, 
if we know what constellation Mars enters to day, we may con- 
clude that two months hence it will be in the next constellation ; 
four months hence, in the next ; six months, in the next, and so 
on. 

Mars performs his revolution around the sun in one year and 
ten and a half months, at the distance of a hundred and forty- 
five millions of miles ; moving in its orbit at the mean rate of 
fifty-five thousand miles an hour. Its diurnal rotation on its axis 
is performed in twenty-four hours, thirty-seven minutes, and 
twenty-one and a third seconds; which makes its day about 
forty-four minutes longer than ours. 

Its mean sidereal revolution is performed in 686.9796458 solar days ; 
or in 686 days, 23 hours, 30 minutes, 41.4 seconds. Its synodieai revo- 
lution is performed in 779.936 solar days ; or in 779 days, 22 hour% 27 
minutes, and 60 seconds. 

Its form is that of an oblate spheroid, whose polar diameter 
is to its equatorial, as fifteen is to sixteen, nearly. Its mean 
diameter is 4223 miles. Its bulk, therefore, is seven times lesa 
than that of the earth ; and being fifty millions of miles farther 
from the sun, it receives from him only half as much light and 
heat. 

The inclination of its axis to the plane of its orbit, is aboat 
28^^. Consequently, its seasons must be verv similar to those 
of the earth. Indeed, the analogy between Mars and the earth 
is greater than the analogy between the earth and any other 
planet of the solar system. Their diurnal motion, and of course 
the length of their days and nights, are nearly the same ; the 
obliquity of their ecliptics, on which the seasons depend, are 
not very different ; and, of all the superior planets, the distance 
of Mars from the sun is by far the nearest to that of the earth ; 
nor is the length of its year greatlv different from ours, when 
compared with the years of Jupiter, Saturn, and Herschel. 

To a spectator on this planet, the earth will appear alternate- 
ly, as a morning and evening star ; and will exhibit all the 
phases of the moon, just as Mercury and Venus do to us ; and 
sometimes, like them, will appear to pass over the sun's disk 
like a dark round spot. Our moon will never appear more than 
a quarter of a degree from the earth, although her distance from 
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it is 940,000 miles. If Msre be attended by s sstellite, it is too 
small to be seen by the most powerful telescopes. 

Wben it is conakkred that Vesta, the smallest of the asteroids, which 
is once and a half times the distimce of Man from os, and only S69 
miles in diameter, is peroeiTable in the open space, and that without the 
preeenoe of a more oonspicuoas body to point it out, we may reasonably 
ooDclnde that Mars is without a moon. 

The progr e ss of Mars in the heavens, and indeed of all the superior 
planets, wiU, like Mercury and Venus, sometimes appear direct, soin^ 
times retrograde, and sometimes he will seem stationaiy. When a su- 
perior planet first becomes visible in the morning, west of the sun, a little 
after its conjunction, its motion is directt and also most rapid. When it 
is first seen east of the son, in the evening, soon after its opposition, its 
motion is retrograde. These retrograde movements and stations, aa they 
appear to a spectator from the earth, are common to all the planets, and 
demonstrate the truth of the Copemican system. * 

The telescopic phenomena of Mars afford peculiar interest to 
astronomers. They behold its disk diversified with numerous 
irregular end variable spots, and ornamented with zones and 
belts of varying brilliancy, that form, and disappear, by turns. 
Zones of intense brightness are to be seen in its polar regions, 
subject, however, to gradual changes. That of the southern 
pole is much the most brilliant. Dr. Herschel supposes that 
they are produced by the reflection of the sun*s light from the 
frozen regions, and that the melting of these masses of polar ice 
is the cause of the variation in their magnitude and appearance. 

He was the more confirmed in these opinions by observing, 
that after the exposure of the luminous zone about the north' 
pole to a summer of eight months, it was considerably deereated, 
while that on the south pole, which had been in total darkness 
during eight months, had considerably increased. 

He observed, further, that when this spot was most luminous, 
the disk of Mars did not appear exactly round, and that the 
bright part of its southern limb seemed to be swollen or arched 
out beyond the proper curve. 

The extraordinary hight and density of the atmosphere of 
Mars, are supposed to be the cause of the remarkable redness of 
its light. 

It has been found by experiment, that when a beam of white 
light passes through any colorless transparent medium, its 
color inclines to red; in proportion to the density of the medium, 
and the space through which it has traveled. Thus the sun, 
moon, ana stars, appear of a reddish color when near the hori- 
zon ; and every luminous object, seen through a mist, is of a 
ruddy hue. 
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This phenomenon may be thus explained »— The momentnm of the 
red, or leaat refrangible rays, being greater than that of the violet or most 
refrangible rays, the fimawr will make their way through the resisting 
medium, while the latter are either reflected or absorbed. 'J*he color of 
the beam^ therefore, when it reaches the eye, must partake of the color 
of the least refrangible rays, and this col<Nr must increase with the di»- 
tance. The dim light, therefore, by which Man is illuminated, having 
to pass twice through its atmosphere before it reaches the eai^ must be 
deprived of a great proportion of its violet rays, and consequently then be 
red. Dr. Brewster supposes that the di&renoe^f color among the other 
planets, and even the fixed stars, is owing to the diflerent bights and 
densities of their atmospheres. 

The elliptical elements of Mars, for Jan. 1st, 1801, are as follows: 

Mean distance (142,000,000 mUes), earth*s as unity, . . 1.5236923 

Mean sid. rev., 686d. 2dh.30m. 4M8. 

Mean fljn. do., in solar days, . . . « 779.936 

Long, of periheUon 332© 23^ 66".6 

Motion of apsides, E. per. an., • 16".8 

^ apparent for precession, 1' 05".tf 

IncUnation of oibit, l© 51' 0«".a 

.Annual decrease of do., 0".014 

Long, of Asc. node, 48O0'03".6 

Motion of do. W. per annum, , 23".3 

« « <» E. referred to the ediptic, 26"^ 

Eccentricity of orbit. Semi maj. aiis unity, 0.0933070 

Secular increase of da, 0.00090176 

Greatet equation of center, 10° 40^ 50" 

Annual decrease of da 0".37 

Rotation on axis 24 h. 37 m. 20.6 a. 

Inclination of axis. 30^ 18' 10".8 

Mean app. diam., 6"Ji9 

Diam. at conjunction, • 3''.60 

« « opposition, 18JI8 

True diam. (4100 miles), earth as unity, 0.617 

Volume, earth as unity, 0.1386 

Mass, sun as unity, 0.0000003927 



THE ASTEROIDS, OR TELESCOPIC PLANETS. 

AscBNDiNo higher in the solar system, we find, between the 
orbits of Mars and Jupiter, a duster of nine small planets, which 
present a variety of anomalies that distinguiBh them from all the 
older planets of"^ the system. They were all discovered within 
*he present century. 
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The cbtM of their ducoveiy, and the naniM of their diaoofeiran, are ■■ 

Ceies, January h 1801, by M. Piani, of Palermo. 
Pallas, March 28, 1802, by M. OIbeIl^ of Bremen. 
Juno. September 1, 1804, by M. Harding, of Bremen. 
Vesta, Mardi 29, 1807, by M. Olbera, of Bremen. 
Astrea, 81h Deoemb^rar, 1846, by Hendke, of Dxeiaen. 
Hebe, 6th July, 1847, u u u u 

Iris, I3tfa Augiut, 1847, by Hind, of London. 
Flora, 18th Oct, 1847, « « «* « 
Metis, 25th April, 1848, by Gnham, of Sligo. 

The scientific Bode* entertained the opinion, that the plane- 
tary distanceStabore Mercury, formed a geometrical series, each 
exterior orbit beinff double the distance of its next interior one, 
from the sun ; a fict which obtains with remarkable exactness 
between Jupiter, Saturn, and Herschel.. But this law seemed 
to be interrupted between Mars and Jupiter. Hence he inferred, 
that there was a planet wanting in that interval ; which is now 
happily supplied by the discovery of the four sttxr-fonn planets, 
occupying the rery space where the unexplained vacancy pre* 
sented a strong objection to his theory. 

These bodies ere mucA smaller in size than the older planets— 
they all rerolre at nearly the tame distances from the sun, and 
perform their revolutions in nearly the same periods^ — their orbits 
are much more eeeentrie, and have a much greater tneUnation to 
the ecliptic,— and what is altogether singular, except in the case 
of comets— nearly all cross each other f so that there is even a pot* 
H/fility that two of these bodies may, some time, in the course 
of their revolutions, come into collision. 

The orbit of Vesta is so eccentric, that she is sometimes far- 
ther from the sun than either Ceres, Pallas, or Juno* although 
her mean distance is many millions of miles less than theirs. 
The orbit of Vesta crosses the orbits of all the other three, in 
two opposite points. 

From these and other eireamstanoes, many eminent astrono- 
mers are of opinion, that these four planets are the fragments of 
a large celestial body which once revolved between Mars and 
Jupiter, and which burst asunder by some tremendous convul- 

* According to him, the distances of the Dianets may be expressed nearly as 
follows: the earth*8 distance from the sun oeing 10. 

Asteroids 44-3Xa» bbSS 



Mercury, 4 

Venns, 4 

The Earth, 

Mars, 




Jupiter, 4--3X2* =S2 

Saturn,. .• 4--3X»3sdOO 

Herschel, 4+3X2**b196 



Comparing th^se values with the actual mean distances of the planets from 
the sun. we cannot but remark the near agreement, and can scarcely hesitate 
to pronounce that the respective distances of the planets from the sun, were 
assigned according to a law. although we are entirely ignorant of the exact 
law, and of the reason for that law. — Brinkleirt EUmenU. p. 89. 
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Mon, or some external Tiolenee. The diecoyery of Ceres by 
Piazzi, on the first day of the present century, drew the atten- 
tion of all the astronomers of the age to that region of the sky, 
and erery inch of it was minutely explored. The consequenoe 
was, that, in the year following. Dr. Olbers, of Bremen, an- 
nounced to the world the di8co?ery of Pallas, situated not many 
degrees from Ceres, and yery much resembling it in size. • 

From this discoyery, Dr. Olbers first conceiyed the idea that 
these bodies might be the fragments of a former world i and if 
80, that other portions of it might be found either in the same 
neighborhood) or else, having diverged from the same point, 
**they ought to have two common points of reunion, or two 
nodes in opposite regions of the heavens through which all the 
planetary migments must sooner or later pass." 

One of these nodes 'he found to be, in the constellation Virgo, 
and the opposite one, in the Whale ; and it is a remarkable co- 
incidence that it was in the neighborhood of the latter constel- 
lation that Mr. Harding discovered the planet Juno. In order, 
therefore, to detect the remaining fragments, if any existed, Dr. 
Olbers examined, three times every year, all the small stars in 
Virgo, and the Whale ; and it was actually in the constellation 
Virgo, that he discovered the planet Vesta. Some astrononiers 
think it not unlikely that other fragments of a similar description 
may hereafter be discovered. Dr. Brewster attributes the fall 
of meteoric stones to the smaller fragments of these bodies hap- 
pening to come within the sphere ofthe earth's attraction. 

Metdoric atones, or what are generally termed aerolites, are stol^.e8 
which sometimes &I1 from the upper regions of the ktmoepbere, upon the 
earth. The subBtance of which ^y are composed^^is, for the most part, 
metaUief but the ore of which it cotisistB is not to be found in the same 
Mnstituent proportions in any known substance upon the earth. Their 
fidl ii generally preceded by a luminous appearance, a hissing noise, and 
a loud explosion ; and, when found immediately after their descent, they 
are always hot, and nsoalty coveied with a black-crust, indicating a stale 
of exterior fiisiiHi* 

Their size varies from thalof smaU fragments of inoonsideFBble weight, 
to that of the most ponderous maaws. They have been found to wrigh 
from 300 pounds to several tons ; and they have descended to the earth 
with a force soiBcient to buiy them many feet under the sur&ce. 

tiJome have supposed that they are projected from volcanoes in die 
moon ; others, that they proceed from volcanoes on the earth ; while 
others imagine that they are generated in the regions of the atmosphere ; 
hot the truth, probably, u not yet ascertained. In some instances, these 
stones have penetrated dirough the roofs of houses, and proved destruo- 
tive to the iiihabitants. 

If we carefully oompate the foice of gravity in the moon, we shall find, 
that if a body were projected from her sur&oe wiUi a momoitum that 
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would came it to move tt the rate of 8»%00 feet in die flnt wdootiiA of 
time, and in the direction of a line joining the centerp of the earth and 
moon, it would not fall again to the 8ur&^ of the moon ; hut would be- 
come a satellite to the earth« Such an impulse might, indeed, cause it, 
even after many revolutions, to &11 to the earth, like &U, therefore, of 
tfieae etonea, from the air, may be accounted fiw in this manner. 

Mr. Haite calculates, that even a velocity of 6000 feet in a second, 
. would he' sufficient to cany a body projected from the surfece of the 
mooo beyond the pbwer of her attraction. If so, a projectile force three 
timee greater than that of a cannon, would cany a body from the moon 
beyond the point of equal attraction, and cause it to leadi the earth. A 
feioe equal to Ibie b often eieited by our volcanoes, and by subterranean 
steam. Hence, there is no impossibility in the eupposition d their 
coming from the moon ; but yet I ikask the theory of aerial cmsolida- 
lion the more pkuinUe. 

Of the old msteroids we present the following notices : 

Vesta appears like a star of the 5th or 6th magnitude, shining 
with a pure steady radiance, and is the only one of the aster- 
oids which can be discerned by the naked eye« 

Juno, the next planet in order after Vesta, revolves around 
the son in four years, four and a half months, at the mean dis- 
tance of two hundred and fifty-four millions of miles, moving 
in her 6rbit at the rate of forty-one thousand miles an hour. 
Her diameter is estimated at 1393 miles. This woold make her 
magnitude a hundred and eighty-three times less than the earth^s. 
The light and heat which she reoeiTes from the san is seyen 
times less than that receiTed. by the earth. 

The eccentricity of her orbit is so great, that her greatest die* 
tance from the sun is nearly double her least distance ; so that, 
when she is in her periheUon^ 9he is nearer the sun by a hundred 
and thirty millions of miles, than when she is in her apKeHon. 
This great eccentricity has a corresponding effect upon her rate 
of motion ; for being so much nearer, and therefore so mnch 
more powerfully attracted by the sun at one time than at another, 
she moves through that half of her orbit which is nearest the 
sun, in one half oif the time that she oecopies in completinff the 
other half. 

According to Schroeter, the diameter of Juno is 1426 mUes ; and she 
is surrounded by an atmosphere mcHre dense than that of any nf the 
other planets. Schioeter alao remarks, that the variation in her brilliancy 
is chiefly owing to certain changes in the density of her atmosphere ; at 
the same time he thinks it not improbable that these changes may arise 
from a diurnal revolution on her aiis. 

' Cbrbs, the planet next in order afWr Juno, revoWes about the 
sun in four years, seven and a third months, nt the mean distance 
of two hundred and sixty-three and a half millions of miles, 



268 GE0GRAI>HT OF THE HEAVENS. 

moving in her orbit at the rate of forty-one thonaand miles an 
hoar. Her diameter is estimated at 1582 miles, which makes 
her magnitude a hundred and twenty-five times less than the 
earth*s. The intensity of the light and heat which she receives 
from the sun, is about seven and a half times less than that of 
those received by the earth. 

Ceres shines with a ruddy color, and appears to be only about 
the size of a star of the eighth magnitude. Consequently she is 
never seen by the nkked eye. She is surrounded by a species 
of cloudy or nebulous light, which gives her somewhat the ap- 
pearance of a comet, forming, according to Schroeter, an atnao- 
sphere six hundred and sevens-five miles in hight. 

Ceres, as has been said, was the first discovered of the asteroidB. At 
her discoveiy, astronomera congratulated themselves upon the harmony 
of the system being lestoied. They had long wanted a planet to fill up 
the great void between Man and Jupiter, in order to ooake the system 
complete in their own eyes ; but the successive discoveries of Pallas and 
Juno again introduced oonfiudon, and presented a difficulty which tfaej 
were unable to solve, tiU Dr. Olbers suggested the idea that these nnall 
anomalous bodies were merely the firagments of a larger ]danet, which 
had been exploded by some migfaW convulsion. Among the- most able 
and decided advocates of this hypotnesis, is Dr. Brewster, of Edinburgh 

Pallas, the next planet in order after Ceres, performs her i^ 
Tolution around the sun in four years, seven and two-third months, 
at the mean distance of two hundred and sixty-four millions of 
miles, moving in her orbit at the rate of forty-one thousand miles 
an hour. Her diameter is estimated at 2035 miles, which is but 
little less than that of our moon. It is a singular and very re- 
markable phenomenon in the solar system, that two planets, 
(Ceres and Pallas,) nearly of the same size, should be situated 
at equal distances from the sun, revolve about him in the same 
period, and in orbits that intersect each other. The difference 
m the respective distances of Ceres and Pallas is less than a 
million of miles. The difference in their sidereal revolutions, 
according to some astronomers, is but a single day ! 

The calculation of the latitude and longitude of the asteroids, is a 
labor of extreme difficulty, requiring more than fi)ur hundred equations 
to reduce their anomalous perturbations to the true place. This arises 
from the want of auxiliary tables, and fi-om the &ct (hat the elements 
of the star-finrm planets, are very imperfectly determined. Whether any 
of the asteroids has a rotation on its axis, remains to be ascertained. The 
fbllovnng table exhilats the present state of knowledge with reference to 
the asteroids. The longitudes are referred to the mean equinox, Jan. 1« 
1848, except Metis, which is for April 30, 1848. 
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TIm foaofCHig taUM pmmA 


% •yaopria cf the pw—iU knowledge 


of 


tfaawleviodi. 








• 


Names. 


IUt. iQ Sid. days. Aph. Dist. 


Peri. IKsL 




I Flora, 


1193.26 


2.647126 


1.856244 




2 Vesta, 


1326.28 


2.671997 


2.160346 




3 Ilk. 


1346.16 


8.936336 


1.834262 




4 Metia, 


1346.40 








6 Hebe, 


t376J26 


2.903667 


1.936888 




6 Aafcrea, 


1610.76 


3.060943 


2.092466 




7 Juno, 


1694.68 


3.349363 


1.993166 




8 Ceraa, 


1680.96 


2.979793 


2.563746 




9 PaUM» 


1686J» 


8^8312 


2.105304 






IXAXUTTS. 


, 




Names. 


£poeb. 


Mean anomaly. 


Lon|^. ase. node. 


1 Flora, 


1848 Jan. lU) 


380 63' 32".0 


1100 IS* 60" 


.8 


8 Veita, 


1847 April, 4U) 


810 46 14 .7 


103 22 01 


.8 


3 Iris, 


1847 Sept. 1.0 


298 16 37 .2 


259 45 19 


.6 


4 Meda, 


1848 April, 80.0 


141 64 n .82 


68 29 40 


.4 


5 Hebe, 


1847 July, 10.0 


274 64 02 .6 


138 40 44 


.8 


6 Astiea, 


1847 March, 16.0 


63 30 49 .3 


141 29 29 


.2 


7 Juno, 


1847 July, 9.6 


258 06 02 .1 


170 53 62 


.0 


8 Ceres, 


1848 March, 12.0 


21 04 00 .5 


80 47 17 


.9 


9 Pallas, 


1848 March, 4.0 


24 57 23 .4 


178 42 12 


.3 




SLiMXHTa^^-Con/mtMii. 


• 




Long asc. node. — ^Long. 


■ 






Names. 


of Periheiion. 


Inclination. Any. of Becemrioity. 


I FloiB, 


770 26^ 49'M 


60 62* 66".9 


90 01' 36".9 




2 Vesta, 


212 16 14 .4 


7 08 30 .3 


5 07 21 .6 




3 Iris, 


218 18 36 .6 


6 28 10 .9 


13 20 50 .1 




4 Metis, 


4 20 27 .7 


6 35 24 .0 


7 13 36 .9 




6 Hebe, 


123 36 42 .1 


14 44 25 .3 


11 31 11 A 




6 Astrea, 


6 00 31 .4 


5 19 17 .1 


10 49 55 .6 




7 Juno, 


116 36 04 .0 


13 02 39 .3 


14 42 19 .6 




8 Ceres, 


293 28 14 .7 


10 37 13 .1 


4 24 66 .8 




9 Pallas, 


51 26 36 .1 


34 37 31 a 


13 64 48 .9 




• 


NaoMS. 


Mean 4aily Sid 


.mo. 






1 Flora, 


1086M100 






2 Vesta, 


977 .948 






3 Iris, 


963 .4498 * 




•» 


4 Metis, 


962 .5660 






6 Hebe, 


942 .3764 






6 Astrea, 


- . 857 .8493 




* 


7 Juno, 


812 .7012 






8 Ceres, 

9 Pallas, . 


770 .9866 
768 .8868 





y2 



370 GE06RAPHT OF THS H£AT£N8. 

Vtom theie dementi md date, eome eoriouf neolte may be obtained 
with reference to the orbite of eight of the aateroida. The last dieoovered, 
Metb, is not yet sufficiently known to include it in these examinatiains. 

There are ten cases where the orMts are entirely endneed the one 
within the other, viz. 

Flora in Hebe. 

Iris and Flora in Juno. 

Astrea and Vesta in Pallaft. 

Iiis, Flora, Pallas, Astrea and Yesta m Ceres, 

The following orfailB interlock like the links of a diain, m. 



Hebe and Astrea. 
Juno and Astrea. 
Veste and Astrea. 
Flora and Astrea. 
Iris and Astrea. 
Pallas in Jris. 



Hebe and Iris. 
Veste and Iris. 
Flora and Iris. 
Pallas and Juno. 
Veste and Juno. 
Hebe and Juno. 



Ceres and Juna 
Pallas and Hebe. 
Veste and Hebe. 
Ceres and Hebe. 
PaUas in Flora. 
Veste in Flora. 



In those cases where the orbits interlock with each other, as the nodes 
of one orbit on any other are perpetually shifting, the time may come 
when an actual intersection of the orbits may take place. If at such a 
time the two planete should be found at the same time in this now coo^ 
mon point of their orbits, a collision would take place, which, in consfr- 
quence of the probable rotary motion of the moving bodies, would pro* 
duoe a sudden and terrific shock. The veiyilbar equality of the orbital 
motions would secure the planete from any severe colliision fix>m their 
velbdties in their ortats. 

If the knowledge of these minute planete was perfect, it would not be 
impossible to compute backward or forward and asoertein the time 
wl^ the orbite of any pair actually intersected each other, and where the 
l^anets were at the time of this intersection. Could the intervals between 
the times of intersection be obtained, combining these with the periods of 
the asteroids in their orbits, it would become possible to compute the time 
when a collision of the planete is to teke place. 

By computettons Encke found that about the year A. D. 3397, the 
ortnt of Ceres would actually cut the orbit of Pallas ; but to obtain the 
positions of the planets in thenr orbite, at the time of intersection, has not 
been attempted. 

The hypothesis of Olbers gathers strength fipom eveiy new asteroid di»> 
oa>vered, although the &ct £at the aphelion of Flora is shorter than the 
perihelion of Ceres, proaente a difficulty which had not before existed. 



JUMTBR 

JuPiTiR is the largest of all the planete belongring to the solai 
tystem. It may be readily distinguished from the fixed stars, 
by ite peculiar splendor and magnitttde ; appearing to the naked 
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eye almost as resplendent as Venus, althoagfa it is more than 
seven times Ker distance from the sun. 

When his right ascension is less than that of the sun, he is 
oar morning star, and appears in the eastern hemisphere before 
the sun rises ; when greater, he is our eveniug star, and lingers 
in the western hemisphere after the sun sets. 

Nothing can be easier than to trace Jupiter among the con* 
steliations of the zodiac; for in whatever constellation he is seen 
to-day, one year hence he will be seen equally advanced in the 
fKX< constellation ; two years hence, in the next; three years 
hence, in the next, and so on ; being just a year, at a mean rate, 
in passing over one constellation. 

The exact mean motion of Jupiter in its orbit, is about one twelfth of 
a degree in a day ; which amounta to only 80^ W 32" in a year. 

Jupiter is the next planet in the solar system above the aste- 
roids, and performs his annual revolution around the sun in nearly 
12 of our years, at the mean distance of 495 millions of miles ; 
moving in his orbit at the rate of 30,000 miles an hour. 



The exact period of Jupiter*s sidereal revolution is 1 1 years, 10 months, 
17 days, 14 hours, 21 minutes, 26^ seconds. His exact mean distance 
from the smi is 496,633,837 miles ; consequently, the exact rate of ^ 
motion in his orbit, is 29,943 miles per hour. 

. He revolves on an axis, which is perpendicular to the plane 
of his orbit, in 9 hours, 55 minutes, and 50 seconds; so that his 
year contains 10,471 days and nights; each about 5 hours long. 
His form is that of an oblate spheroid, whose polar diameter 
is to its equatorial, as 13 to 14. He is therefore considerably 
more flattened at the poles, than any of the other planets, except 
Saturn. This is caused by his rapid rotation on his axis; for it 
is a universal law, that the equatorial parts of every body revolv- 
ing on an axis, will be swollen out in proportion to the density 
of the body, and the rapidity of its motion. 

The difierence between the polar snd equatorial diameters of Jupiter, 
exceeds 6000 miles. The diflbrenoe between the polar and equatorial 
diameters of the earth, is only 26 miles. Jupiter, even on the most care* 
leas view through a gpod telescope, appears to be oval ; the longer diam<y 
ter being parallel to the direction of his belts, which are also parallel to 
H^ ecliptic. 

By this rapid whirl on his axis, his equatorial inhabitants are 
carried around at the rate of 36,554 miles an hour; which is 
1600 miles farther than the equatorial inhabitants of the earth 
are carried, by its diurnal motion, in twenty-four Koun, 

Xhe true mean diameter of Jupiter is 86,355 miles; which is 
nearly 11 times greater than the earth's. His volume is, ther»* 
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fore, about ikhrietn hundrtd piiles laiger tbftn that of the earth. 
On account of his, great diataooe from the siin, the dej^ree of 
light and heat which he receivea from it, is 87 times /nt than 
that recei?ed by the earth. 

When Jupiter is in conjunctioni he riaes, sets, and comes to the meri- 
dian with the son; but is never observed to make a transit, or pass over 
the sun*B disk ; when in opposition, he rises when the sun seCs^ sets when 
the sun rises, and comes to the meridian at midnight, which never bap* 
pens in the case of an vmtmor planet This proves that Jupiter revolves 
m an oririt which is extttiar to that of the earth. 

As the variety in the seasonp of a planet, and in the length of 
its days and nights, depends upon the inclination of its azia to 
the plane of its orbits and as the axis of Jupiter has no inclina- 
tion, there can be no difference in his seasons, on the same par^ 
•llels of latitude, nor any Tariation in the length of his days and 
nights. It is not to be understood, however, that one unifarm 
teatan prevails from his equator to his poles ; but that the iame 
parcUlek of laHtude on eaeh side of bis equator, uniformly enjoy 
the same season, whatever season it may be. 

About hid equatorial regions, there is perpetual summer; and 
at his poles, everlasting winter; but yet equal day and equal 
nilght at each. This arrangement seems to have been kindly or- 
dered by the beneficent Creator; for had his axis been inclined 
to his orbit, like that of the earth, his polar wintera would have 
been alternately a dreadful pight of tix years darkneet, 

Jupiter, when viewed throngh a telescope, appears to be sur- 
rounded by a number of luminous zones, usually termed beite^ 
that frequently extend quite around him. These belts are parallel 
.not only to each othert.bat, in general, to his equator, which is 
^ also nearly parallel to the ecliptic. They are subject, however, 
to considerable variation, both in breadth and number. Som^ 
times eight have been aeen at once ; sometimes only one, but 
more usually three. Dr. Herschel once perceived his wholt 
disk covered with small belts. 

Sometimes these belts continue for months at a time with 
little or no variation, and sometimes a new belt has been seen 
to form in a few hours. Sometimes they are interrupted in their 
length ; and at other times, they appear to spread in width, and 
run into each other, until Oieir breadth exceeds 5,000 miles. 

Bright and dark spots are also frequently to be seen in tba 
belts, which usually aisappear with the belts themselves, though 
not always, for Cassini observed that one occupied the same 
position more than 40 years. Of the emsee of these variable 
appearances, but little is known. Thev are generally supposed 
to DC nothing more than aiinotpkerieal pienomena^ renvilting from, 
or combined with, the rapid motion of the planet upon its axis.. 
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Diflerent opiiiioiw ha^ been entertBined by astronomeni iwpectiiigtlie 
omee a( these belte and ipots. Br loiiie diey have been regarded ae 
clouda, or as openings in the atmoaphere of the planet, while odien ima> 
gine that they are of a more permanent natore, and axe the marks of 
great physical revolutions^ which are perpetually agitating and changing 
tiie surfiice of the planet The first of these cmtnians sufficiently ex- 
plains the variations in the form and magnitude of the apoisy and the 
paralkUsm of the belts. The spot first (^served by Cassini, in 1665, 
which has both disappeared and reappeared in the same form and posi- 
tion for the space of 43 years, could not possibly be occasioned by any 
atmospherical variations, but seems evidently to be connected with the 
•urfoce of the planet. The ^orm of the belt, according to some astrono* 
men, may be accounted for by suppoemg that the atmotphere refiecta 
more light than the body of the platiet, and that the clouds which float in 
it, being thrown into pvallel strata by the rapidity of its diurnal motion, 
form regular mUrtHceB^ through nHuch are seen its opake body, or any 
of the pennanent spots which may come within the range of the opening. 

Jupiter is also attended by four satellites or moons, some of 
which are visible to him dvery hour of the night; exhibitingr, oa 
a small scale and in short periods, most of the phenomena of the 
solar system. When viewed through a telescope, these satel- 
lites present a most interesting andT>eautifal appearance. The 
first satellite, or that nearest the planet, is 359,000 miles distant 
from its center, and revolves around it in 43^ hours ; and appears, 
at the surface of Jupiter, four times larger than our moon does 
to as. His second satellite, being both smaller and farther dis- 
tant, appears about the size of ours ; the third, somewhat less; 
and the fourth, which is more than a million of miles from him, 
and takes 16) days to revolve arodnd him, appears only about 
one third the diameter of our moon. 

These satellites suffer frequent eclipses from passing through 
Jupiter's shadow ; in the same manner as our moon is eclipsed 
in passing through the earth's shadow. The three nearest sap 
tellites fall into his shadow, and are eclipsed, in every revolu- 
tion ; but the orbit of the fourth is so much inclined, that it 
passes by its opposition to him, two years in six, without fall- 
ing into his shadow. By means of these eclipses, astronomers 
have not only discovered that light is 8 minutes and 13 seconds 
in coming to us from the sun, but are also enabled to determine 
the longitude of places on the earth with greater facility and 
exactness than by any other methods yet known. 

It vras long sbice found, by the most careful observations, that when 
the earth is in that part of her oiUt which is nearest to Jupiter, the 
eclipses appear to happen 8' 18" sooner than the tables predict; and 
when in that part of her oibit whidi is farthest from him. 8' 13" later 
than the tables predict; making a total difibrenoe in time, of 16' 26". 
From the mean of 6000 eclipses observed by Delambre, this disagreement 
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leliiwu tfft i y wft ow tad cakulaium, was wtJ&AdUmkf iettfed tft 8" 13*, 
while bolh wem oomidared equnlly c<»ncl. N«w, when the ectipvi 
happen tooner than the tables, JTupiter is at his neaiest approach to the 
earth— when later, at his gieatest distance ; so that the diffieienoe in his 
distances from the earth, in the two cases, b the whoU diameter of Uu 
earth' » orbUt or about 1 90 miltions of milee. Henee, it is concluded that 
light ia not uutantaneaua, but that it occapiee 16' Si6" in passing across 
the earth's oifait, or S' 13" in coming from the son to the earth ; being 
nearly 13 miUions of miles a nmiute. ^ 

The reyolutions of the satellites about Jupiter are precisely 
similar to the revolutions of the planets about the sun. In this 
respect they are an epitome of tne solar system, exhibiting, on 
a smaller scale, the rarions changes that take place among the 
planetary worlds. 

Jupiter, when seen from his nearest satellite, appears a tkour 
mnd timee larger than our moon does to ns, exhibiting on a scale 
of inconceiraBle ma^ificence, the Tarying forms of a crescent, 
a half moon, a gibbous phase, and a full moon, every fortj-two 
hours. 

Elements of Jupiter and his satellites for Jan Ist, 180 1 . 

FLAirXT. 

Mean aid. revolu. (nearly 18 yean), solar day% 4382d. 14h.0Sm. 08.5a. 

898.867 
1120 15' 83".0 

4 59 .26 



Mean synodic rev. solar day% 

Mean longitude, 

Mean orbital mo. in a solar day, 

Do. per annum, 
Longitude of perihelion, 
Annual mo. of apsides eastward, • 

Da referred to the ecliptic 
Inclination of orbit to the ecliptic. 
Annual decrease of do. • 

Longitude bf ascending node 
Motion of do. west per annum, 
Ditto east, refened to the ediptic, - 
Eccentricity of oibit, half nug. axia unity. 
Increase of ditto in a centuiy. 
Greatest equation of center, 
Annual increase of dittos 
Rotation on axis, 
Inclination of aiis to ecfiplic, 
Mean apparent eq. diam. 
Ditto at coi\junction. 

Ditto at opposition .... 

True diam. (90»000 miles nearly) earth's diam. unity. 
Volume, earth's as unity, ... 

Mans, Bun*8 as unity, .... 

Density, sun*s as unity, ... 

Mean distance (486,000,000 miles), earth's as unity, • 



30 SO 32 .0 
II 08 84 .6 
6 .96 
67 .06 
1 18 61 .3 
.226 
98 26 18 .9 
16 .8 
34 .3 
0.0481621 
0.000169360 
60 31' 13".8 
.634 
9h. 66m. 49.7a. 
30 06' 30".0 
86 .74 
30 .00 
46 .88 
10 .860 
1280.9 
0.0009341431 
0.99239 
6.308776 
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•ATSLLrru. 

Thir^" 



Sid. rev. in m lolar days, 
D.tio for computatioii. 
Mean app. diam. 
Ditto in miles. 
Maw, Jnp. as one. 
M. dist /up. eq. rad. an 1. 
Ditto in decrees, 
Ditto in miles, 



Pirst. 



Id. ]8h. 98ai 

1 .7B01378 

1".014 

2508 

0.0000173 

6.04853 

(PVt7"M 

960,000 



Second. 

3dn3h. 14ra 
3 .6U8I01 
0".»I1 
9068 

0.0000833 
9.63347 
(P 3' 07".64 
420,000 



7d. 3h. 43m. 

7 .1646628 

l''.4ti8 

3377 

0.0000885 

1535024 



Fourth. 



lOd. Ibh.-i'^m. 

16 6887697 

1".273 

2800 

O.OJ»00437 

36.90835 



(P 04' 5e".32 OP 8' 4<5".48 
670,000 ; 1.180.000 



A miMk carious phflnomenon with nfereaoe to one of th« satellites c^ 
Jiipitnr, hai leomtly been obienred al the Cambridge obeeryatory, and 
also at the Cinciniiati obaervatory. In paasingf across the disk of >he 
planet, it has been seen to lose its fij^ as if nndergoing eclipse, until it 
finally becomes a black spot on the didc of the planet ; after passing o|f 
the djak it lesomes its Ught 



SATURN. 

Saturn is sitnated between the orbits of Jupiter and Herechel, 
and is the most remote planet from the earth of any that are 
visible to the naked eye. It may be easily distingruished from 
the fixed stars by its pale, feeble, and steady lUfht. It resembles 
the star Fomalhaut, both in color and size, differing firora it only 
in the steadiness and uniformi^ of its light. 

From the slowness of its motion in its orbit, the pupil, through- 
out the period of his whole life, may trace its apparent course 
among the stars, without any danger of mistake. Having once 
.found when it enters a particular constellation, he may easily 
remember where he is to look for it in any subsequent year ; 
because, at a mean rate, it is just two and a half years in pass- 
ing over a single sign or constellation. 

Saturn's mean daily motion among the stars is only about 3', 
the thirtieih pari cf a degree. 

Satom enlerad the constellation Vii^ about the beg^ning of 1833, 
and oontinned in it until tfie middle of flie year 1835, when he passed 
into Libra. He will continue in that constellation until 1888 ; and so 
on ; occupying about 3| yean in each constellatiGai, or neuly thirty years 
in one revolution. 

The mean distance of Satam from the sun is nearly double that 
of Jupiter, being aboat nine hundred and nine millions of miles. 
His diameter is about 83,000 miles ; his volume therefore is 
tUven hundred timee greater than tiie earth's. Moving m his 
orbit at the rate of 33,000 miles an hour, he requires twenty- 
nine and a half yeani to oomplete Us dreuit around the sun :• 
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bat his diarnal rotation on his axis is accomplishedkin ten and a 
' half hours. His year, therefore, is nearly thirty times as long 
as ours, while his day is shorter by more than one half. His 
year contains about iS$,150 of its own days, which are equid to 
10,759 of our days. 

The surface of Saturn, like that of Jupiter, is diTcrsified with 
belts and dark spots. Dr. Herschel sometimes perceired fitre 
belts on his surface ; three of which were dark, and two bright 
The dark belts have a yellowish tinge, and' generally cover a 
broader zone of the planet than those of Jupiter. 

To the inhabitants of Saturn, the sun appears ninety times 
less than he appears to the earth ; and they receive from him 
only one ninetieth pari as much light and heat. But it is com- 
puted that even the ninetieth part of the sun*s light exceeds the 
illuminating power of 3,000 full moons, which would be abun- 
dantly suiBoient for all the purposes of life. 

The telescopic appearance of Saturn is unparalleled. It is 
even more interesting than Jupiter, with all his moons and belts. 
That which eminently distinguishes this planet from every other 
in the system, is a magnificent zone or ring, encircling it with 
perpetual light. 

The light of the ring is more brilliant than the planet itself. 
It turns around its center of motion ill the same time that Saturn 
turns on its axis. When viewed with a good telescope, it is 
fonnd to consist of two concentric rings, divided by a dark band. 

By the laws of mechanics, it ia impoesihie that the body of the rings 
should retain its position by the adhesion of the particles alone ; it must 
necessarily levdve with a velocity that will generate centrifugal fince sn^ 
ficient to bohmce the attraction of 8aturn. Observation- confirms the 
truth of these principles, showing that the rings rotate about the phinet 
in 10^ hours, which is considerably less than the time a satellite would 
take to revolve about it at the same distance. Their plane is inclined to 
the ecliptic in an angle of 31^. In consequence of this obliquity of 
position, they always appear elliptical to us, but with an eccentricity so 
variable as to appear, occasionally, like a straight line drawn across the 
planet ; in which case they are virible only by the aid of superior instru- 
ments. Sueh vras their porition in April, 1833 ; for the son was then 
passing from their south to their north side. The rings intersect the ecli|^ 
tic in two oppoate pdnts, which may be called their nodes. The«e points 
are in longitude 170^, and 350^. When, therefote, Saturn is in either of 
these pmnts, his rings will be invirible to us. On the contrary, vrhen 
his longitude is 9(P, or 200^, the rings may be seen to the greatest advan- 
tage. As the edges of the rings will poesent. themselves to the sun twice 
in eadi revolution of the planet, it is obvious that the disappearance of 
them will occur once in about 15 years; subject, however, to the varia- 
tion dependent on the position of the earth at that time. 

The following are the dates during the ensuing revolutions of the 
nlanet, when its mean heUocenirie bng^tude is such that the rings will (if 



8ATUEN. 877 



ffae earth be fiiTonUy fltoeled), Mthff be infiMbl^ or ncn to <be graetail 
•dTuitage. 

1838 July, 90O of Socnpiis Noitii ode Olmniiiated. 

1847 Dec. SO** of Aquarioe, Invuible. 

1855 April, 80O of Gemini, South aide illntninated. 

1863 JNov. 90O of Tugo, Invinble. 

The distance between Saturn and his inner rin^, is only 
91,000 miles; beings less than a tenth part of the distance of 
our moon from the earth. The breadth of the darlc band, or the 
intetTal between the rings, is hardly 3,000 miles.— The breadth 
of the inner ring, is 20,000 miles. Being only about the same 
<!li8tance from Saturn, it will present to his inhabitants a lumin- 
ous zone, arching the whole concave vault from one hemisphere 
to the other with a broad girdle of light. 

The rltost obvious use of this double ring is, to reflect light upon 
the planet in the absence of the sun; what other purposes it may 
be intended to subserve, is to us unknown. The sun, as has 
been shown, illuminates one side of it during 15 years, or one 
half of the period of the planet*s revolution; and during the 
next 15 years, the other side is enlightened in its turn. 

Twice in the course of 30 years, there is a short interval of 
time when neither side ia enlightened, and when, of course, it 
oeases to be visible ;*«namely, at the time when the sun ceases 
to shine on one side, and is about to shine on the other.* It 
revolves around its axis, and consequently, around Saturn, in 
10^^ hours, which is at the rate of a thousand miles a minute, 
or 58 times swifter than the revolution of the earth's equator. 

When viewed from the middle zone of the planet, in the 
absence of the sun, the rings will appear like vast luminous 
arches, extending along the canopy of heaven, from the eastern 
to the western horizon, exceeding m breadth a hundred times the 
apparent diameter of our moon. 

Besides the rings, Saturn is attended by seven satellites, 
which revolve about him at diflferent periods and distances, and 
reciprocally reflect the sun's rays on each other and on the 
planet. The rings and moons illuminate the nights of Saturn ; 
the moons and Saturn enlighten the rings, and the planet and 
rings reflect the sun's beams on the satellites. 

Thid fourth of these satellites (in the order of their distance) vnajini 
discovered by Huygens, on the S5lli of March, 1655, and, in honar of 

* This hapjpens, as we hmve already shown, wheii Satorn is either in the 90th 
de^e of Fisces, or the 90th degree of Virgo. When he is between these 
points, or in the SOth degree either of Gemini or of Sagittarins, his ring appears 
most open to ns, and more in the form of an oval, wboie longest diameter is to 
the shortest as 9 to 4. 

z 
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ibediMneiw, WW called tiitJiuyipmMmiSa^^ ThiB ntellite, being 
the largest of all, is seen without much difficulty. Cassini disooyeied the 
lat, 2d, 3d, and 6th satellites, between October, 1671, and March, 1684. 
Dr. HerBchel discovered the 6th and 7th in 1789 These are nearer to 
Saturn than any of the rest, though, o avoid confusion, they are named 
in the order of their discoveiy. 

The sixth and seventh are the smallest of the whole ; the first 
and second are the next smallest ; the third is greater than the 
first and second ; the fourth is the largest of them all ; and the 
fifth surpasses the rest in brightness. 

Their respective distances from their primary, vary from half 
the distance of our moon, to two millions of miles. Their pe- 
riodic revolutions vary from 1 day to 79 days. The orbits Of 
the six inner satellites, that is, the 1st, 2d, 3d, 4th, 6th, and 7th, 
all lie in the plane of Saturn's rings, and revolve around their 
outer edge ; while the 5th satellite deviates so far from the plane 
of the rings, as sometimes to be seen through the opening between 
them and the planet. 

Laplace imagines that the accumulation of matter at Saturn's equator 
retains the oihifB of the first six satellites in the plane of the equator, in 
the same manner as it retains the rings in that plane. It has been satis- 
fiictocily ascertained, that Saturn has a greater accumulation of matter 
about his equator, and consequently that he is more flattened at the 
poles, than Jupiter, though the velocity of the equatorial parts of the for- 
mer is much less than that of the latter. This is sufficiently accounted 
for by the fiu:t, that the ring» of Saturn lie in the plane of his equator, 
and act more powerfiilly upon those ports of bis sur&oe than upon any 
other; and thus, while they aid in diminishing the gravity of theae parts, 
aUo aid the centnjfugal force in flattening the poles of the planet Indeed, 
had Saturn never revolved upon his axis, the action of me rings would, 
of itself, have been sufficient to give him the form of an oblate spheroid. 

Satumian elements, January 1, 1801 : 

Mean distance (about 890,000,000 miles), earth*s as one, 9.538786 
Mean sid. rev. (29,456 yearsV mean solar days, - 10759.8198 

Mean synod, rev. in mean solar days, - • 378.090 

Mean longitude, - ... - 135^ 20* 06".5 

Mean orbital motion in a mean solar day, - - 2' 00".6 

Do. in a solar year, - . - - 12© 13' 36".l 

Longitude of penhelion, ... 89© OO' 29".8 

Aim. mo. of apsides eastwaid, • • • . 19''.4 

Ditto referred to ecliptic, - - - - M' 09".5 

Inclination of orbit to ediptic, • - • 2© 29' 35''.7 

Annual decrease d ditto, .... 0".155 

I^ng. of ascend, node, .... Ul^ 56'8r'.40 
Motion of do. per an. west, .... iftTA 
** « *• « " e«Bt,w£toecIiptic, - 30".? 

Eccentcfetty half maj. axis unity, ... 0.056150ft 
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Decreue of do. in ti century, 

Gieateat equation of center, • 

Annual decrease of do. 

Rotation on axis, ... 

Indination of axis to ecliptic, 

App. diam. at mean dist from the earth, 

IVue diam. (about 76068 miles), earth's 

Volume, earth's as unity. 

Mass, sun*8 as unity, 

Density, sun's as unity. 



unity, 



0.000312402 

- 60 W 12".00 

l".279 

10 h. 29 m. 16.8 s. 

3lo rO' 

16".20 
9.982 

99f>.00 

0.0002847380 

O^dO 



THi miireii 

Outer diam. of exterior ring. 

Inner « « « •« 

Outer diam. <tf inner ring. 

Inner « « « « 

Equat diam. of planet. - 

Breadth of division betvreen the ring% 

Dist of ling from the planet. 



40".096 
35 .289 
.476 
.668 
.991 
^08 
.339 



34 
26 

17 


4 



Miles. 
176.418 
156.272 
161.690 
1 1 7.339 

79.160 
1.791 

19.090 



The multiple division of Satum^s rings has heeti a matter of some 
dispute. There now seems little doubt tluit the exterior ring is divided 
jnto two rings. Prof Encke saw the division distinctly, April 26, 1837. 
On the 25th of May he obtained these approximate measiues : 

Outer diam. of ext. ring. 



u 



<* new division, 
Inner diam. of outer ring, - 
Outer diam. of inner ring. 
Inner diam. of inner ring, - 



40".4S6 
37 471 
36 .038 
34 .749 
26 .756 



These are the only measures which I have seen. The third division 
was distinctly observed on the 7th September, 1843, at Mr. Lassell's 
observatory, near Liverpool Since the erection of the Refractor of the 
Cincinnati Observatory, the planes of Saturn's rings have been too much 
inclined to the visual ray for exact examination. I have never been able 
to make out the triple division of the rings. 

It has been found that the laws of perfect equilibrium require that the 
center of the rings should not coincide with the center d the planet 
Exact measures have shown that this discovexy of theory is verified in 
nature. There is a slight difference in the respective distances from the 
planet to the inner edge of the ring on the right and left, amounting 
to about two-tenths of a second of arc 

Saturn is one of the most magnificent dfaiects in the heavens, when 
seen with a powerfiil telescope, and never fiois to excite the most pro- 
found admiration in the beholder. 

The satellites of Saturn are by no means as well known as those of 
Jupiter. The two inner satellites are among the moet difficult objects to 
be seen in the heavens. The following elements may be regarded as a 
near approximation, to the truth. 
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8«temte. 


8id«f«al 
Revolution 

in memn 
Solar Day. 


Mean IXttanea. 


IXfcOTerer and 
Date. 


(Mar 

fllMB 
I 

n 
in 

IV 

V 

VI 

vu 


Old 
Older. 

7 

6 
1 
2 
3 
4 
6 


Radlw u 


ikjgjj*- 


Mita. 


d. h. m. 

22 38 

1 08 53 

1 21 18 

2 17 46 
4 12 25 

16 22 41 
79 07 55 


» ft 

3.351 29.15 120,000 
4.300 31.19 160,000 
6.284 4.M3 190,000 
6.8191 00 93 243.000 
9.524 1 24.86 340,000 
22.081 3 26.50 788,000 
64.85919 28.002,297,000 


W. Herachel, 1789 

M (« U 

D. Caffdni, . 1684 

u u u 
u u u 

C. Huygens, 1656 

D. CacHiii, . 1671 



URANUS OR HER8CHEL. 

Ueanus is the planet next beyond Saturn ; to the naked eje, 
it appears like a staf of only the sixth or seventh magnitude, 
and of a pale, bluish white ; but it can seldom be seen, except 
in a very fine, clear nigrht, and in the absence of the moon. 

As it moves over but one degree of its orbit in eighty-five days, 
it will be iiven years in passing over one sign or constellation. 

When first seen by Dr. Herschel, in 1781, it was in the foot 
of Gemini f 80 that it has not yet completed one revolution since it 
fooB discovered to be a planet. 

It is remaikable that this body was observed as tar back as 1690. It 
was seen three times by Flamslrad, cmoe hv Bnd]ey,once by Mayer, and 
'eleven times by Lemonnier, who registered it among the stars ; bat not 
one of them suspected it to be a planet 

The inequalities in the motions of Jupiter and Saturn, which 
could not be accounted for from the mutual attractions of these 
planets, led astronomers to suppose that there existed another 
planet beyond the orbit of Saturn, by whose action these irregu* 
larities were produced. This conjecture was confirmed March 
13th, 1781, when Dr. Herschel discovered the motions of this 
body, and thus proved it to be a planet. 

Herschel is attended by six moons or satellites, which revolve 
about him in different periods, and at various distances. Four 
of them were discovered by Dr. Herschel, and two by his sister, 
Miss Caroline Herschel. It is possible that others remain yet 
to be discovered. 

Uranus' mean distance from the sun is 1828,000,000 of miles ; 
more than twice the mean distance of Saturn. His sidereal 
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TOTolation it performed in 84 yeart and 1 month, and hit motion 
in hie orbit is 15,600 miles an hoar. He is supposed to have a 
rotation on his axis, in common with the other planets ; but as- 
tronomers have not yet been able to obtain any occular proof of 
such a motion. 

His diameter is estimated at 34,000 miles ; which would make 
his Tolume more than 80 times lar^r than the earth's. To his 
inhabitants, the sun appears only the ^^ part as large as he 
does to us ; and of course they receive from him only that small 
proportion of light and heat. It may be shown, however, that 
the ^jja^rt of the sun's light exceeds the illuminating power 
of 800 full moons. This, added to the light they must receive 
from their six satellites, will render their days and nights far 
from cheerless. 

But three of the ax satellites reported by Henchel, have been observed 
by those who have followed him. 

The following elements are for the epoch Ist Januaiy, 1801, reckon- 
ing from the mean equinox : 

- 80686.821 d. 
369.656 <« 

1770 48' 23".0 
' - 42".37 

- 40ir46M6 
167 31 16 .10 

- * 52 .50 
00 46' 28 .44 

72 69 35 .30 
14 .16 

- 0.04667938 

6o 20* sr.oo 

- 4 .00 
4.844 

- 0.0000558098 
82 

- I.IOO 



Mean sid. rev. (84.02 yean), solar days, 

« synod, rev. « «« « « . 

Mean longitude, .... 
Mean motion in orbit in a mean solar day, 
Do. per annum, • - 
Long, of perihelion, . • • 

Annual mo. of apsides east, - 
Inclination of orbit, . • • 

Long, of ascending node, ... 
Ann. mo. of da eastward, 
Eccentricity of oibit. Semi axis maj. unity, 
Greatest equation of center. 
Mean app. diam. (35,000 miles scarcely), - 
True diam., earth's as unity, 
Mass. sun as unity, • - - - 

Volume, earth as unity, - - - 

Density, sun's as unity, - - - 

Mean distance (1,800,000,000 miles), earth's as unity, 19. 182390 



HerscheP* 

Satellites. 


Sidereal Revolation. 


Mean Distance.'— Semi- 
diameter BB 1 of Planet 


1 

I 
II 

m 

IV 

V 

VI 


d. h. m. s. 

5 21 25 20 

8 16 67 47 

10 23 02 47 

13 10 56 29 

38 01 48 00 

107 16 89 56 


13.120 

17.022 

19.846 # 

22.752 

46.507 

91.008 



Herschel's periods, of two of these satellites, have been oonfinned fagr 
z2 
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bis ion, and by Dr. Lamont, of Munich; a diiid one hat recently been 
obierved by Stoi'tire of Pnlkova. . 

' From an externa^ aeiieB of measurea, a flattenmg at the poles, and a 
protuberance at the equator of this planet haa been detected, demonfltiat- 
ing a TcCation up(m an axis, in acoradance with the general analogy of 
the planets. 



NEPTUNE (riRST callxd LxTxnnnx). 

This is the most remote and the latest discovered of all the 
large i^lanets. The extraordinary circumstances attending its 
discovery, have given to this object an interest which does not 
attach to any other heavenly body. After the discovery of Ura- 
nus, in 1781, efforts were made to reduce its motions to the 
known laws of gravitation, and an orbit was computed, which, 
in the outset, it was thought would represent all the observed 
places of Uranus, and by which its future places might be pre- 
dicted, in a short time this orbit was found to be at fault : the 
planet w^ gradually leaving it, and seemed to be under some 
unknown influence, which involved its motions in mystery. 

AAer the lapse of many years from the discovery of Uranus, 
M. Bouvard resumed the mvestigation of its orbit, and finally 
reached the conclusion that it was impossible to represent at the 
same time, by any orbit, the old observed places of the planet 
and the new ones, or those taken after the star was discovered 
to be a planet. He, therefore, rejected the ancient observations 
as more likely to be in error, and adopting the recent ones, com- 
puted an orbit and tables for Uranus, which it was hoped might 
represent the future places of the planet. 

A few years sufSced to show that this orbit and these tables 
were defective. The computed and the observed places of the 
planet did not agrree, and the difference increased from year to 
year, until it attracted the attention of many distinguished as- 
tronomers. Some were disposed to attribute these irregularities 
to a relaxation of the rigorous laws of gravitation in those re- 
mote regfions of space ; others conceived that Uranus might be 
attended by some larse satellite which was swaying it from its 
computed orbit : while another class conceived the possible ex- 
istence of a remote unciiscovered planet, under whose influence 
Uranus was made to break away jfrom its computed track. 

Under these circumstances, a young astronomer, M. Leverrier, 
ot Paris, as early as 1845, at the request of M. Arago, under- 
took a thorough discussion of the irregularities of Uranus, with 
a view to understand their cause; and in case this cause should 
be aa exterior planet, to determine, from the known irregularities 



NEPTUNK. 288 

of Urenas, the actual place of the anknowD disturbing planet at 
a giv^en epoch. 

M . Leyerrier commenced by determining, with all accuracy, 
tbe disturbing influence on Uranus, exerted by all the knoum 
bodies of the solar system, and more especially the effects of 
the large and nearer planets Saturn and Jupiter. His memoir 
on this subject was presented to the Academy of Sciences of 
Paris, on the 10th Nov., 1845. On the first of the following 
June, he read a second memoir before that learned body, in which 
be demonstrates that the irregularities of Uranus cannot be ex* 
plained by any known causes ; and concludes, that they are due 
to an unknown planet revoWing in an orbit exterior to that of 
Uranus, and as tar from Uranus as it is from the sun ; and whose 

f»lace, as roughly determined, was, on the 1st January, 1847, in 
oneitude 32f°. On the 30th August, 1846, a third memoir was 
read, in which the author fixes the approximate elements of his 
theoretical planet, its mass, and its position for the 1st January, 
1847, in heliocentric longitude 326^ 33'. On the 5th October, 
1846, a fourth and last memoir was presented to the Academy, 
in which M. Leverrier discusses the position of the plane of the 
orbit of his unknown planet. 

These wonderful aocounts excited the greatest interest among 
astronomers, yet such was the difficulty of the problem, that few 
were willing to believe that Leverrier*s computation would ever 
lead to the discovery of his imaginary planet. These misgivings 
were soon dissipated. On the Ist of Sept, 1846, M. Leverrier 
wrote to his friend Dr. Galle, of Berlin, requesting him to direct 
his telescope to the place in the heavens which his calculations 
had indicated as the place of his planet at that date. This re- 
quest was immediately complied with ; and on the very first 
evening of examination, the planet was actually discovered 
within less than one degree of the place pointed out by M. 
Leverrier ! 

In the mean time, the publications of Leverrier had brought to 
ligrht the fact, that Mr. Adams, a young geometer of Cambridge, 
Eng., had discussed the very same problem, and had reached 
results almost exactly coincident with those of Leverrier. In- 
deed, Mr. Adams had obtained his results some months previous 
to M. Leverrier, but having failed to publish them to the world, 
thus gave to his distinguished rival the priority and right of dis- 
covery. The wonderful coincidence of the results obtained by 
Leverrier and Adams, s^med to fix absolutely the fact of the 
discovery of the planet from calculation. The news of its dis- 
covery was soon spread throughout the world, and excited every 
where the deepest interest. The intelligence reached Cincinnati 
on the 28th Oct., 1846, and on tbe same evening the planet was 
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readQy detected by its dUk with the great refractor* Its diame- 
ter was immediately measured. 

The new planet was now followed with great interest at all 
the principal observatories in the world, with the view of dis- 
coyering how nearly the computed elements before discovery 
would agree with those determined from actual observation after 
discovery. As the planet moved extremely slow, this would 
have required a lonff series of years, but for a most important 
discovery made by Mr. S. C. Walker, then at the Washinetoo 
observatory. After computing an orbit of the new planet from 
the best data then in existence, he traced it backward for fifty 
or sixty years, in the hope of finding that its place had been 
fixed long since by some astronomer who had observed it, be- 
lieving it to be a fixed star. His research was rewarded with a 
brilliant discovery. Two places of the planet were obtained 
from the catalogue of Lalande, as far back as 1795, which, com- 
bined with recent places, gave suflScient data to determine with 
comparative accuracy the elements of the orbit of the new planet. 
A difiSculty here arose, from the fact that a great discrepancy ex- 
isted between the periodic time of the planet and that computed 
by M. Leverrier. His computed period was about 317 years, 
while the periodic time of Neptune is about 164. This discre- 
pancy has induced some astronomers to assert that the discovery 
of the planet, after all, was accidentaL This Leverrier denies i 
and here, for the present, the matter rests. 

Prof. Pierce of Cambridge, after an elaborate research, finds 
that all the irregularities of Uranus are most perfectly accounted 
for by the influence of the new planet ; so that in case this re- 
sult may be relied on, this great problem is now absolutely 
exhausted. 

The following are the elements computed, before discovery, 
by M. Leverrier : 

Periodic time, yean, • . • • 317.387 

Mean distance, earth as nnitjr, • • 86.1639 

Mean longito^e, Ist Jan., 1847, ... 3180 4r 4* 

Longitude of perihelioD, • • • S84 46 8 

Mean anomaly, - • - • - 34 01 66 

Equation of center, • - • . 7 44 49 

Heliocentric longitude, Ist Jan., 1847, • • 836 82 

Radius vector, earth's unity, . . 83 06 

Mafl% jj-ff of the sun's mass. 

Adams* elements, computed before discovery : 

Mean longitude, Oct 6th, 1846, ... 823« 08' 

Longitude of perihelion, ... 299 1 1 

Bcoentricaty, . - - • . 0.120616 

Mass, sun's as mutjr, « - -0^)0018000 
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Th« elements obtained since the disooTery of the planet by 
Mr. Walker, and by usinff the place of the planet obaerved by 
Lalande, 1795, are as follows. These will be gradaally im- 
proved as observations are maltiplied. 

Long, perihelion point, - 47^ it &S\7Z m. eq. 1st Jan., 1848. 
Long, aaoending node, • - 130 06 1 1 .04 m. eq. 1st Jan., 1848. 
laclmation, • - - 1 46 68 .97 

Eccentricity, ... 0.00871946 
Mean daily od. nmton, - • 21".06448 

Long, at epoch, - - - 33<>° *4' 4r.82 ^ "^iJITiln.?!^!^ 

Mr. Lassell, of Liverpool, discovered a satellite to Neptune^ 
on which a sufficient namber of observations have been made to 
determine, with considerable accuracy, the mass of the planet. 
This has been computed by Prof. Pierce, of Cambridge, and is 
found to differ considerably from that obtained by Leverrier be- 
fore jthe discovery. From obseryations on Lassefl's satellite by 
Mr. Bond, of Cambridge, the mass of Neptune is determined to 
be TTTf^r ^^ ^^ sun's mass. 

With this mass Prof. Pierce accounts for all the irregularitie* 
of Uranus, and closes, at least for the present, the investigation. 



COMEXa 

C OMITS, whether riewed as ephemeral meteors, or as substan- 
tial bodies, forming a part of the solar system, are objects of no 
ordinary interest. 

When, with uninstructed g^ze, we look upwards to the clear 
sky of evening, and behold, among the multitudes of heavenly 
bodies, one, blazing with its long train of light, and rushing on- 
ward toward the center of our system, we insensibly shrink 
back as if in the presence of a supernatural being. 

But when, with the eye of astronomy, we follow it through 
its perihelion, and trace it far off, beyond the utmost verge of 
the solar system, till it is lost in the infinity of space, not to re- 
turn for centuries, we are deeply impressed with a sense of that 
power which could create ana set in motion such bodies. 

Comets are distinguished from the other heavenly bodies, by 
their appearance and motion. The appearance of the planets is 
globular, and their motion around the sun is nearly in the same 
plane, and from west to east; but the comets have a yariety of 
forms, and their orbits are not confined to any particular part of 
the heavens ; nor do they observe any one general direction. 
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The orbits of the planets approach nearly to circles, while 
those of the comets are very elongated elipses. A wire hoop, 
for^^xaraple, will represent the orbit of a planet. If two oppo- 
site sides of the same hoop be extended, so that it shall be long 
and narrow, it will then represent the orbit of a comet. The 
son is always in one of the foci of the comet's orbit. 

There is, however, a practical difficulty of a peculiar nature which em- 
barrasses the solution of the question as to the form of the cometaxy or- 
bits. It so happens that the only part ci the course of a comet wtiich 
can ever be visible, is a portion throughout which the ellipse, the para- 
bola and hyperbola, so closely resemble each other, that no observations 
can be obtained with sufficient accuracy to enable us to distinguish them. 
In fiict, the observed path of any comet, while visiUe, may belong either 
to an ellipse, parabola, or hyperbola. 

That part which is usually brighter^ or more opake than the 
other portions of the comet, is called the nucleus. This is sur- 
rounded by an envelop, which has a cloudy, or hairy appearance. 
These two parts constitute the body, and, in many instances* 
the whole oi the comet. 

Most of them, however, are attended by a long train, called 
the taili though some are without this appendage, and as seen 
by the naked eye, are not easily distinguished from the planets. 
Others, again, have ho apparent nucleus, and seem to be onJy 
globular masses of vapor. 

Nothing is known with certainty of the composition of these 
bodies. The envelop appears to be nothing more than vapor, 
becoming more luminous and transparent when approaching the 
sun. As the comets pass between us and the fixed stars, their 
envelops and tails are so thin, that stars of very small magni- 
tudes may be seen through them. Some comets, having no nu- 
cleus, are transparent throughout their whole extent. 

The nucleus of a comet sometimes appears opake, and it 
then resembles a planet. Astronomers, however, are not agreed 
upon this point. Some affirm that the nucleus is always trans- 
parent, and that comets are in fact nothing but a mass of vapor, 
or less condensed at the center. By others, it is maintained that 
the nucleus is sometimes solid and opake. It seems probable, 
however, that there are three classes of comets, viz.: 1st. Those 
which have no nucleus, being transparent throughout their whole 
extent; 2d. Those which have a transparent nucleus; and, 3d. 
Those having a nucleus which is solid and opake. 

A comet, when at a distance from the sun, viewed through a 

good telescope, has the appearance of a dense vapor surrounding 

the nucleus, and sometimes flowing far into the regions of space. 

As it approaches the sun, its light becomes more brilliant, till it 

^hes Its perihelion, when its light is more dazzling than that 
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of any oth«r eelestial body, the saD excepted. In this part of 
its orbit are seen to the beet advantage the phenomena of thie 
wonderful body, which has, from remote antiquity, been the 
specter of alarm and terror. 

The luminous train of a comet usually /o/ibto9 it, as it ap- 
proaches the sun, and goes before i/, when the comet recedes from 
the sun ; sometimes the tail is considerably curved towards the 
region to which the comet is tending, and in some instances it 
has been observed to form a right angle with a line drawn from 
the sun through the center of the comet. The tail of the comet 
of 1744, formed nearly a quarter of a circle; that of 1689, was 
curved like a Turkish sabre. Sometimes the same comet has 
several tails. That of 1744 had, at one time, no less than m>, 
which appeared and disappeared in a few days. The comet of 
1833 had, for several days, two tails ; one extending toward the 
sun, and the other in the opposite direction. 
~ Comets, in passing among and near the planets, are materially 
drawn aside from their courses, and in some cases have their 
orbits entirely changed. This is remarkably true in regard to 
Jupiter, which seems by some strange fatality to be constantly 
in their way, and to serve as a perpetual stumbling block to 
them. 
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« The Tni0aarkal)le comet of 1770, which was found by Lexell to re- 
volve in a moderate ellipse, m a period of about five years, actually got 
entangled among the satellites of Jufater, and thrown out of its orMt by 
the attractions of that planet," and has not been heard of rince. — Her- 
sehel, p. 810. By this extraordinary rencounter, the motions of Jupiter's 
satellites sofifered not the least perceptible derangement ;«-a sufficient 
proof of the afriform nature of the comet's mass. 

It is clear from observation, that comets' contain very little 
matter $ for they produce little or no effect on the motion of the 
planets when passing near those bodies. It is said that a comet, 
m 1454, eclipsed the moon; so that it must have been very near 
the earth ; yet no sensible effect was observed to be produced by 
this cause upon the motion of the earth or t)ie moon. 

The observations of philosophers upon comets, have as yet 
detected nothing of their nature. Tycho Brahe and Appian 
supposed their tails to be produced by the rays of the sun, trans- 
mitted through the nucleus, which they supposed to be transpa- 
rent, and to operate as a lens. Kepler thought they were occa- 
sioned by the atmosphere of the comet, driven off hj the Impulse 
of the sun*8 rays. This opinion, with son>e 'modification, vi^ 
also maintained by Euler. Sir Isaac Newton conjectured that 
they were a thin vapor, rising from the heated nucleu8« as smoke 
ascends from the earth ; while Dr. Hamilton supposed them to 
be streams of electricity. 
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M That tiw hnmnoai put of a eomeC Miya 8b John Henche!, «<m 
■omekhing in the nature A a moke, fog, or doad, auipeiided in a tiana- 
parent atmosphere, is evident from a &dt which haa been often noticed, 
viz.: that the portion of the tail where it oomea up to, and auirounda the 
head, is yet aepaiated from it by an interral less luminons; as we often 
see one layer of clouds laid over another with a consideraUe clear space 
between them.*' And again — ** It follows that these can only be regarded 
as great mniMfs of thin vapor, susceptible of being penetrated through 
&cir whole substance by tbe sunbeaEos." 

Comets have always been considered by the ignorant and sa- 
perstitions, as the harbingers of war, pestilence, and famine. 
Nor has this opinion been, even to this day, confined to the un- 
learned. It was once universal. And when we examine the 
dimensions and appearances of some of these bodies, ^we cease 
to wonder that they produced universal alarm. 

According to the testimony of the early writers, a comet, 
which could be seen in daylight with the naked eye, made its 
appearance 43 years before the birth of our Saviour. This date 
was just after the death of Cesar, and by the Romans,,the comet 
was believed to be hit metamorphosed soul, armed with fire and 
Tengeance. This comet is again mentioned as appearing in 1 1 06, 
and then resembling the sun in brightness, being of a great sise, 
and having an immense tail. 

In the year 140d, a comet was seen, so brilliant as to be dis- 
cerned at noonnlay. 

In 1456, a large comet made its appearance. It spread a 
wider terror than was ever known before. The belief was very 
general, among all classes, that the comet would destroy the 
earth, and that the Day of Judgment was at hand ! 

This comet apnoured again m the yean 1631, 1607, 1682, 1758, and 
1835. It passed its pei^elion in November, 183^, and will eveiy 76^ 
years thereafter. 

At the time of the appearance of this comet, the Turks exten- 
ded their victorious arms across the Hellespont, and seemed des- 
tined to overrun all Europe. This added not a little to the gen- 
eral gloom. Under all these impressions, the people seemed 
totally regardless of the present, and anxious only for the fu^re. 
The Romish Church held, at this time, unbounded sway over 
the lives, and fortunes, and consciences of men. To prepare 
the world for its expected doom, Pope Calixtus III ordered the 
Ave Maria to be repeated three times a day, instead of two. 
He ordered the church bells to be rung at noon, which was the 
erigin of that practice, so universal in Christian churches. To 
the Ave Maria, the prayer was added— <' Lord, save us from the 
Devil, the Turk, and the comet:*' and once each day, these 
thrc^ obnoxious personagres suffered a regular excommunicaton. 



The pope and clergy, ezhibititiff iuch fe«tr» it it not Ibi matter 
of wonder that it became the ruling passion of the multitude. 
The churches and convents were crowded for confession of 
•ins ; and treasnrei unconnted were poured into the Apostolic 
chamber. 

The comet, after suffering some months of daily cnrsing, and 
eiEcommunication, began to show signs of retreat, and soon 
disappeared from those eyes in which it found no favor. 
Joy and tranquillity soon returned to the faithful subjects of the 
pope, but not so their money and lands. The people, however, 
became satisfied that their lives, and the safety of tne world, had 
been cheaply purchased. The pope, who had achieved so 
signal a victory over the monster of the sky, had checked the 
progress of the Turk, and kept for the present, his Satannic 
majesty at a safe distance; while the church of Rome, retaining 
her unbounded wealth, was enabled to continue that influence 
over her followers which she retains, in part, to this day. 

The comet of 1680 would have been still more alarming than 
that of 1466, had not science robbed it of its terrors, and history 
pointed to the signal failure Of its predecessor. This comet 
was of ^ Urgest size, and had a tail whose enormous .length 
was more than ninety^aix miliums of mUen, 

At its greatest distance, it is 13,000,000 of miles from the 
sun ; and at its nearest approach, only 574,000 miles from his 
center; or about 130,000 miles f^om his surface. In that part 
of its orbit which is nearest the sun, it flies with the amazing 
swiftness of 1,000,000 miles in an hour, and the sun as seen 
from it, sppears 27,000 times larger than it appears to us; 
consequently, it is tlien exposed to a heat 27,000 times greater 
than the solar heat at the earth. This intensity of heat exceeds, 
several thousand times, that of red-hot iron, and indeed all the 
degrees of heat that we are able to produce. A simple mass 
of vapor, exposed to a thousandth part of such a heat, would be 
at once dissipated in space-~a pretty strong indication that, 
however volatile are the elements of which comets are composed, 
they are, nevertheless, capable of enduring an inconceivable 
intensity of both heat and cold. 

This is the comet which, according to the reveries of Dr. 
Whiston, and others, deluged the world in time of Noah» 
Whiston was the friend and successor of Newton : but, anxious 
to know more than is revealed, he passed the bounds of sober 
philosophy, and presumed not only to fix the residence of the 
^ damned, but also the nature of their punishment. According to 
his theory, a eomei was the awful prison-house in which, as it 
wheeled from the remotest regions of darkness and cold into the 
very vicinity of the son, hunying its wretched tenants to the 

8A 
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extramei of peifohing eoU and deroaring fire« the Almighty 
was to dispense the seyeritiet of his juetice. 

Such theories may he ingenioiis, but they have no basis of 
flicts to rest upon. They more properly belong to the efaimeraa 
of Astrology, than to the science of Astronomy. 

When we are told by philosophers of great caution and high 
reputation, that the fiery train of the comet, just' alluded to, 
extended from the horison to the zenith ; and that of 1774 had, 
at one time, six tails, each 6,000,000 of miles long ; and that 
another, which appeared soon after, had one 40.000,^)0 of miles 
long ; and when we consider also the inconceivable velocity 
with which they speed their flight through the solar system, we 
may cease to wonder if, in the darker ages, they have been re* 
garded as evil omens. 

But these idle phantasies are not peculiar to any age or conn- 
try. Even in our own times, the beautiful comet of 1811, the 
most splendid one of modern times, was generally considered 
among the superstitions, as the dread harbinger of the war which 
was declared in the following spring. It is well known that an 
indefinite' apprehension .of a more dreadful catastrophe lutely 
pervaded both continents, in anticipation of Biela's comet 
of 1833. 

The nucleus of the comet of 1811, according to observations 
made near Boston, was 3,617 miles in diameter, corresponding 
nearly to the size of the moon. The brilliancy with which it 
shone, was equal to one-tenth of that of the moon. The envelop, 
or aeriform covering, anrrounding the nucleus, was 34,000 
miles thick, about five hundred times as thick as the atmosphere 
which encircles the earth ; making the diameter of the comet, 
including its envelop, 50,617 miles. It had a very luminous 
tail, whose greatest length was one hundred miUiom tfmik: 

This comet moved, in its perihelion, with an almost inconceiTable v^ 
locity— fifteen hundred times greater than that of a ball bursting firom the 
mouth of a cannon. Accoidmg to Kegioraontanus, the comet of 1479 
moved over an sic cf 130^ in one day. Biydone observed a comet at 
Palermo in 1770, which passed through 60^ of a great circle in the heav- 
ens, in 24 hours. Another comet, which appeared in 1769, passed over 
4 to in the same time. The conjecture of Dr. Halley, ther^re, seems 
highly probable, that if a body of such a size, having any oonsidenLble 
density, and moving with suoi a velocity, were to strike our earth, it 
would instantly reduce it to chaos, mingling its elements in rain. 

The transient eflbct of a comet passing near the earth, could scsvoely 
amount to any great oonvuhson, says Dr. Brewster : butif the earth were 
actually to receive a shock fiom one of theae bodies, the consequences 
would be awful. A new direction would be given to its rotary motion, and 
it would revolve around a new axis. The seas, finssking their be&s 
would be hurried, by their centrifugal force, to the new equitorial regions : 
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Mauds and eontbieiit*, the abodes of men and aumals, ^oold be oovored 
by the umvenal rush of the waters to the new equator, and ereiy vestiga 
of human industry and genius would be at oooe destroyed* 

The chances against such an event, however, are so very 
numerous, that there is no reason to dread its occurrence. The 
French (jrovernment, not long since, called the attention of some 
of her ablest mathematicians tiind astronomers to the solution of 
this problem ; that is, to determine^ upon matkenuUieal yrindpies^ 
how riMny ehantea tf coUition the earth wa$ expo$ed to. After a 
lUHture examination, they reported,—** We have found that, of 
881,000,000 of chances, there is only one unfavorable,— there 
exists but one which can produce a collision between the two 
bodies.*' 

« Admitting, then,'^ say &ey, «< for a moment, that the comets which 
may strike the earth with their nudeti, would annihilate the whole 
human race ; the danger of death to each mdividual, resulting from the 
appearance of an unknown eomet, would be exacdy equal to the risk he 
would ran, if in an urn there was only one tingk white ball among a 
total number of S8 1,000,000 balls, and that his condemnation to death 
would be the inevitable contequenoe of the white ball bong produced at 
the fiist drawing." 

We have before stated that comets, unlike the planets, 
observe no one direction in their orbits, but approach to and 
recede from their great center of attraction, in every possible 
direction. Nothing can be more sublime, or better calculated to 
fill the mind with profound astonishment, than to contemplate 
the revolution of comets, while in that part of their orbits 
which comes within the sphere of the telescope. Some seem to 
eome up from the immeasurable depths below the ecliptic, and, 
having doubled the heavens* mighty cape, again plunge down* 
ward with their fiery trains, 

" On the long travel of a thousand years." 

Others appear to come down from the zenith of the universe 
to double their perihelion about the sun, and then reiUcena far 
above all human vision. 

Others aie dashing through the solar system in all possible 
directions, and apparently without any undisturbed or un* 
disturbing path prescribed by Him who guides and sustains 
them all. ^ 

Until within a few years, it was universallv believed that 
the periods of their revolutions must necessarily be of prodigious 
length ; but within a few yearS, two comets have been discov* 
•ered, whose revolutions are performed, comparatively, within 
our own neighborhood. To distinguish them from the more 
remote, they are denominated the eometa of a short period. The 
first was discovered in the constellation Aquarius, by two French 



292 GEOGRAPHY OF THE HEAVENS. 

astrottomert) in the year 17d6. The »ame comet wsb agaio 
observed by Miss Caroline Herschal. in the constellation <5yg- 
nns, in 1795, and again in 1806. In 1818, Professor Encke 
determined the dimensions of its orbit, and ^he period of its 
sidereal revolution; for which reason it has been called **£ncke*i 

This comet performs its revolution around the sun in about 3 
years and 4 months, in an elliptical orbit which lies wholly 
within the orbit of Jupiter. Its mean distance 'from the sun is 
312,000,000 of miles; the eccentricity of its orbit is 179,000,000 
of miles; consequently, it is 358,000,000, of miles nearer the 
sun in its perihelion, than it is in its aphelion. It was visible 
throughout the United States in 1825, when it presented a fini 
appearance. It was also observed at its next return in 1828; 
but its last return to its perihelion, on the 6th of May, 1832, 
was invisible in the United States, on account of its great 
southern declination. 

The second ** Comet ofa short period,** was observed in 1772; 
and was seen again in 1805. It was not until its le-appearance 
in 1826, that astronomers were able to determine the elements 
of its orbit, and the exact period of its revolution. This was 
successfully accomplished by M. Biela, of Josephstadt; henceit 
is called Bield's Comet. According to observations made upon 
it in 1805, bv the celebrated Dr. Olbers, its diameter, including 
its envelop, is 42,280 miles. It is a curious fact, that the path 
of Bie|a*s comet passes very near to that of the earth ; so near, 
that at the moment the center of the comet is at the point near^ 
est to the earth's path, the matter of the comet extends beyond 
that path, and includes a portion within it. Thus, if the earth 
were at that point of its orbit which is nearest to the path of the 
comet, at the same moment that the comet should be at that 
point of its orbit which is nearest to the path of the earth, the 
earth would be enveloped in the nebulous atmosphere of the 
comet. 

With respect to the effect which might be produced upon onr 
atmosphere by such a circumstance, it is impossible to offer any 
thing but the most vague conjecture. Sir John Herschel was 
able to distinguish stars as minute as the 16th or 17th magnitude 
through the body of the comet ! Henice it seems reasonable to 
infer, that the nebulous matter of which it is composed, must be 
infinitely more attenuated than our atmosphere; so that for 
every particle of cometary matter which we should inhale, we 
should inspire millions of particles of atmospheric air. 

This is the comet which was to come into collision with the 
earth, and to blot it out from the solar system. In returning to 
its perihelion, November 26th, 1882, it was computed that it 
— -'Id cross the earth's orbit at a distance of only 18,500 miles. 



COMBTS. 393 

It is eTid6nt tkai if the eftrth had been in that part of her orbit 
at the aame Umt with the comet, our atmoaphere would haTe 
mingled with the atmosphere of the comet, and the two bodies, 
perhaps, hsTO coiee in contact. But the comet passed the 
earthV orbit on th^ 89th of October^Mn the 8th degree of Sagit* 
larius, and the earth did not arrive at that point until the 30th 
of November, which was 3i days afterwards. 

If we multioly the nomber of hours in 3^ daysi» by 68,000 
(the Telocity of the earth per hour), we shall find that the earth 
was more than 63,000,000 miles behind the cornet when it 
crossed her orbit. Its nearest approach to the earth, at any 
time, was about 51,000,000 of miles; its nearest approach to 
the sun, was about 83,000,000 of miles. Its mean distance 
from the sun, or half the longest axis of its t>rbit, is 337,000,000 
of miles. Its eccentricity is 353,000,000 of miles ; conset^uently, 
it is 507,000,000 of miles nearer the sun in its perihelion than 
it is in its aphelion. The period of its sidereal revolution is 
9,460 days, or about 6) years. 

Up to the beginning of the 17th century, no correct notions 
had been entertained in respect to the paths of comets. Kepler*s 
first conjecture was, that they moTed in straight lines ; but as 
that did not agree with observation, he next concluded tiiat they 
were parabolic curres, having the sun near the vertex, and run- 
ning indefinitely into the regions of space at both extremities. 
Thnre was nothing in the observations of the earlier astronomers 
to fix their identity, or to lead him to suspect that any one of 
them had ever been seen before ; much less that they formed a 
part of the solar system, revolring about the sun in elliptical 
orbits that returned into themselves. 

This grand discovery was reserved for ohe of the most Indus* 
trioos and sagacious astronomers that ever lived—this was Dr. 
Halley, the contemporary and friend of Newton. When the 
comet of 1683 made its appearance, he set himself about observ- 
ing tt with great care, and found there was a wonderful resem- 
blance between it and three other comets that he found recorded, 
the comets of 1456, of 1531, and 1607. The times of their ap- 
pearance had been nearly at ey|aai and regular intervals ; their 
perihelion distances were nearly the same ; and he finally proved 
them to be one and the same comet, performing its circuit around 
the sun in a period varying a little from 76 years. This is 
therefore called HalUy*9 comet. It is the very same comet that 
filled the eastern world with so much consternation in 1456, and 
became an object of so much abhorrence to the church of Rome. 

The, three periodic comets, Encke*s, Biela*s, and Halley's^ 
have presented, in their recent returns, some extraordinary phe- 
nomena. The periodic time of Encke*s comet appears to have 
been regularly diminuhing since ha discovery. The distin- 
2a9 
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gnithed astronomer whose name it bears, «fter a rigorons exami* 
nation of ail the known caases which can produce such an effect, 
finally reached the conclusion that there must exist, throughout 
the planetary regions, a rare medium, capable of resisting the 
motion of the light and gaseous comets. This startling doctrine 
has been reoeived wiUi considerable favor among the learned, 
although it involves nothing less than the final destruction of 
the entire solar system* In case a resisting medium exist, no 
matter how small its effect on the planets and comets may be, 
yet since the stability of the entire system is ffuaranteed only on 
the hypothesis that the irevolutions of the planets are without 
resistance, it follows that, sooner or later, the same effects sup- 
posed to be exhibited by Encke*s comet, will be shown by 
every revolving planet and satellite, and each, in succession, 
will terminate its carper by falling Into the sun. Recent obser- 
vations by Sir John Herscfael, on the physical constitution of 
Halley*S comet during its return in 1835, have revealed some 
truths which may, in the end, account for the retardation of 
Encke's comet, without resorting to the hypothesis of a resisting 
medium. He conceives that the laws of gravitation will not 
account for certain phenomena presented by HalJey^s comet, 
and that we will be compelled to admit the existence of a repul- 
sive force, developed under certain circumstances, among the 
particles composing the tails and gaseous portions of comets. 

During its late return, Biela's comet exhibited the wonderful 
phenomenon of an actual separation into two distinct portions. 
When first discovered, the comet presented its ordinary appear- 
ance, but in the course of the following month, it was found 
to consist of two distinct parts, each possessing all the charac- 
teristics of a comet. These fragments continued to separate 
from each other, while they pursued their orbitual career around 
the sun. This phenomenon Sir John Herschel is disposed to 
Attribute to the same causes which are operating to diminish the 
periodic time of Encke's comet, and which pr(^nced such sud- 
aen and wonderful changes in the appearance of Halley*s comet, 
during its return in 1835. 

The next appearance of Biela*8 comet will be looked for with 
great interest. At this time (Jiily* 1848), astronomers are on 
the look-out for Encke's copet. Our knowledge of the physical 
constitution of these mysterious objects, is extremely limited. 

The number of comets which have been observed smoe the Christian 
fva, amounts to 700. Scarcely a year has passed without the obserrft- 
tion of one or two. And since multitudes of them must escape obeerva- 
tion, by reason of thdr travendng that part ofthe heavens which is above 
the horizon in the day time, their whole number is probably many thou- 
sands. Comets so drcumstanced, can only become visible by the rare 
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eoinddeiioe of a total edipM of the lan— a coincidanca which hqipaned, 
aa related by Seneca, 60 yean before Christ, when a laige comet waa 
actually observed very near the sun. « 

But M. Arago reaaona in the foUowmg manner, with respect to the 
number of oometa : — ^The number of aacertained cometa, which, at thw 
leaat distances, peas within the orbit of Mercury, is thirty. Aasuming 
that the comets are uniformly distributed throughout the solar system, 
there will be 1 1 7,649 times as many comets included within the orbit of 
Herschel, as there are within the orbit of Mercury. But as there are 80 
within the ortat of Meieuiy, there must be 8,629,470 withm the orbit of 
Herachel! 

or 97 cometa whose elements have been calculated by astronomens 
f4 passed between the sun and the orbit of Mercury ; 33 between the 
orbits of Mercury and Venus; 21 between the orbits of Venus and the 
EarA ; 1 ft between the ortntc of Ceres and Jupiter. Forty-nine of these 
comets move from eaflt to vrest, and 48 in the opposite direction. / 

The total number of distinct comets, whose paths during the visible 
part of their course had been aacertained^ up to the year 1832, viras one 
hundred and thir^nnven. 

What regions these bodies visit, when they pass beyond the 
limits of our view ; upon what errands they come, when they 
again revisit the central parts of our system ; what is the differ- 
ence between their physical constitution and that of the sun and 
planets ; and what important ends they are destined to accom- 
plish, in the economy of the universe, are inquiries which natu- 
rally arise in the mind, but which surpass the limited powers 
oftiie human understanding at present to determine. 
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CHAPTER VIII. 

THE TKAN8LATION OP THE BUN AND SOLAR SYSTEIC 

THSOUOU SPACE. 

HATiiie elosed a rapid sanrey of the individaal objects coosti- 
tating the solar system, we proceed to the examination of the 
wonderfai discovery made hy Sir William Herschel, and m- 
oently confirmed bv the Russian astronomers, that the mmi, 
attended hy all kdeplanete^ eatelUtee^ and eametif i$ mooing twiftly 
through apaee. 

It will be remembered, that the sun must be reckoned amon; 
the fixed stars ; and, indeed, is one of the many millions of stars 
composing the Galaxy, oi Milky Way. So soon as the fact 
was ascertained beyond question, that among the fixed stars 
many were fonnd, which after yeare of attentive examinatioD« 
actually dianged their relative positions in the heavens, it was 
not unnatural to conjecture these changes to be the effect of 
parallax, produced bv the movement of the sun and his system 
of planets, in some direction through the regions of space. 

it will be readily seen, that in case such a movement of the 
son exists, and should be appreciable in amount, when compared 
with the distance of the stars, its effect would be to produce an 
apparent change among the relative places of the stare, in coo- 
sequence of the fact that the spectator every year views them 
from a different point of absolute space. 

The extension of the law of gravitation to the fixed stara, by 
the discovery of binary systems, reduced it to a certainty thai 
the stare exerted a mutual influence over each other ; ana from 
this general attraction which each exerted over every other, it 
was Impossible for the sun to escape. The result of this gene* 
ral attraction would be motion in some direction. To demon* 
strate the, truth of this conjecture — to determine the directioov 
angular velocity, and actual ijnovement of the sun and system, 
have been the great questions for solution during the last few 
yeare of astronomical research. 

Sir W. Herschel had roughly exsmined this subject; and 
from a general examination of 4he proper motion of the fixed 
stara, concluded that the solar system was moving toward the 
constellation Hercules. For many yeara, this theory was re* 
reived with eomparetively little favor. The speculation was so 
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bold, to daring, and apparently so far bojond the scope of aoea- 
rate examination, that many minds were indisposed to receive 
it. Within a few years, however, the Suhject has heen taken 
np by M. Arselander, a Russian astronomer, and the grand 
specalation of Herschel has become a matter of absolute science. 

Argelander*s general method of determining the direction of 
the solar motion, may be thus explained, in its general outlines. 
He commenced by fixing, with accuracy, the places of five hun- 
dred stars, in all the visibJe parts of the heayens. His own 
determined places of these stars were then compared with the 
places of the same stars determined by preceding astronomers. 
rUe old position of any star, joined with its new position, would 
give its direction of apparent motion, and the distance between 
Uie two places, combined with the interval between the old and 
new observations, would fix the rate of movement per annum. 

The five hundred selected stars were then grouped into three 
classes, according to thMr annual rate of motion. The o^ost 
8wiftly*nioving, composing the first class, were examined sepa- 
rately in this way. The old and new places of each star being 
joined, the Kne thvs determined in position, made a certain angle 
with the meridian, which could easily be determined. All these 
angles were computed ; and by an examination of their values, 
it was seen that their general direction indicated, that in case 
the proper motions of these stars were occasioned by the move- 
ment of the solar system through space, the direction of that 
motion must be, as Herschel had said, toward the constellation 
Hercules. 

A point in this constellation was now selected, as the one 
toward which the sun was moving; and, on this hypothesis, 
the directions in which the stars already examined would ap- 
pear to move, were accurately computedf. Now in case these 
computed directions should in every instance isoincide with the 
actual observed directions, it would demonstrate that the point 
had been well chosen, and was the true point required ; while a 
want of coincidence would show that another trial must be 
made. 

Thus did Ar^lander proceed, with incredible pains, to select 
and test one point after another, until he obtained one, which, 
better than all others, harmonized all the proper motions of his 
five hundred stars; and this was the point towards which, it 
now became certain, the sun, with all his attendants, was urging 
his flighjt. 

A subsequent investigation, by M. Strfive, has confirmed 
Argelander's results in the mostNremarkable manner. Having 
accomplished this object, M. Strive gave his attention to the 
determination of the amount o( angular fnation of the solar sys* 
tern, as seen from the mean distance of the ttan of the 1st mag^ 
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nitade ; And by a eomplez and elaborate inveatigatioB, finall j 
ascertained, that in each year, the aun's angular motion amounted 
to three hundred and thirty-five thousand tha of one second of 
are, or this would be the angle included between two Tiaoa'l 
raya, drawit from the eye oi a apectator removed to the mean 
distance of stars of the let magnitude, to the two places occu- 
pied by the sun at the beginning and cloae of the same year. 

Having learned the va^e of this distance approximately, we 
may now convert this angular motion into linear movement, and 
we reach the following wonderful proposition, viz. :— TAs tun, 
attended by all hit pJaneti, mtellite»n and comeit^ i$ sweeping 
threugh space, towardi' the Btar «-, in the eon»teUati<m Hereuies^ 
ai the rate cf IhirtyAhKret nUUUme three hundred and ffty thoumnd 
mike iimwry year, 

Suchls the latest determination, with reference to the magrni. 
ficent system with which we are associated. 



LAW OP UNIVERSAL GRAVITATION. 

It is said, that Sir Isaac Newton, when he was drawing to a 
close the demonstration of the great truth, that gravity is the 
cause which keeps the heavenly bodies in their orbits, was so 
much agitated with the magnitude and importance of the dis* 
covery he was about to make, that he was unable to proceed, 
and desired a friend to finish what the intensity of his feelings 
did not allow him to do. By gramtation is meant, that univer- 
sal law of attraction, by which every particle of matter in. the 
system has a tendency to every other pariide. 

This attraction, or tendency of bodiea toward each other, is 
in proportion to the quantity of matter they contain. The earth, 
being immensely large in compariaon with all other substances 
in its vicinity, destroys the effect of this attraction between 
•mailer bodies, by bringing them all to itself. 

The attraction of gravitation is reciprocal. All bodies not 
only attract other bodies, but are themselves attracted, and both 
according to their respective quantities of matt^. The sun, the 
largest body in our system, attracta the earth and all the other 
planets, while they in turn attract the sun. The earth, also, 
attracts the moon, and she in turn attracta the earth. A ball, 
thrown upward from the earth, is brought again to its surface ; 
the earth's attraction not only counterbalancing that of the ball, 
but also producing a motion of the ball towara itself. 

This disposition, or tendency toward the earth, is manifested 
in whatever falls, whether it be a pebble from the hand, or an 
apple from a tree, or an avalanche from a mountain* All terres* 
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triil bodies, not excepting Ihe wtters of the ooean, grafitate 
towftrd the oenler :f the earth, and it is by the eame power that 
animale on all parte of the globe stand with their feet pointing 
to its center. 

The power of terrestrial gravitation Is greatest at the earth's 
sarfacs^ whence it decreases both upward and downward ; but 
not both ways in the same proportion. It decreases upward 
a» the t^fsare of the distance^ from the earth's center increases ; 
satliat at a distance from the center equal to twice the semi* 
diameter of the earth, the gravitating force would be only one 
fourth of what it is at the surface. But 6eibto the surface, it 
decreases in the dired ratio of the distance. from the center; so 
that at a distance of half a semi-diameter frpm the center, the 
gravitating force is but half what it is at the surface. ^^ 

Weight and gm^ty, in this case, are synonyroou^erms. 
We say a piece of leiad weighs a pound, or 16 ounces ; but if by 
any means it could be raised 4000 miles above the surface of 
the earth, which is about the distance of the surface from the 
center, and consequently eoual to two semi-diameters of the 
earth above its center, it would weigh only one fourth of a pound, 
or four ounces ; and if the same weight could be raised to an 
elevation of 13,000 miles above the surface, or four semi-diame- 
ters above the center of the earth. It would there weigh only one 
sixteenth of a pound, or one ounce. 

The same body, at the center of the earth, being equally 
attracted in every direction, would be without weight ; at 1000 
miles from the center it would weigh one fourth of a pound ; at 
SOOO miles, one half of a pound ; at 3000 miles, three fourths 
*of a pound $ and at 4000 miles, or at the surface, one pound. 

It is a univeml law of attntction, that t^ power deereaat$y as the 
$fjwire of the dietanee inereaees. The c on verse of this is also true, vb. 
7%« power inereaaes, ae ihe equare of the diatanee deereaees. Giving 
to this bw the form of 4k practical rule, it will stand thus r 

77te gravity ef bodiu above the eurfaee of the earthf deereaeea ina 
dupHeate ratio {or ae the equarea of thevr dietaneu)^ in eemi^diam^ 
tera of the earthy from the earth'a center. That is, when the gravitv is 
trtcreomng, multiply fAne wright by tiie square of the distance ; but when 
the gravity is deereaatng, dinde the weight by the square of the distanoa 

Suppose a body weighs 40 pounds at 8000 miles above the eaifh*s 
surfine, what would it weigh at the sur&oe, estimating the earth's semH 
diameter at 4000 miles 1 From the center to the given hight, is 1} 
semi-diameterB : the square of 1^, or 1,5, is 2.26, whidi, multiplied into 
the weight (40), gives 90 pounds, tiie answer. 

Suppose a body which weighs 266 pounds open the sorfiuse of flie 
earth, be raised to the distance of fte moon (240,000 miles), what would 
be its weight! Thus, 4000)240,000(60 semi-diameten, the square of 
whtcfa is 8600. As the gravity, in this esse, is deoraasmg, divide the 
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vnAijtd by the iqiMra of tha diflMU3^ tnd it will giy« 3600)!tA6|;U]edi 
of ]i pound, or I canoe. 

3. To find to wluit higfat a giv«n wdght must be ndeed to loee s 
certain portion of its weight 

RuLK.-— Z>ivuie M« weight at the mutfatot^ by the required wei^i, 
and exiraet the aqwxre root of ike quotient, Ex. A boj weighs 100 
pounds, bow high must be be cairied to weigh but 4 pounds! Thu% 
100 divided by 4,,giTes 25, the square root of which- is 6 seminHametent 
or 20,000 miles above the center. 

Bodies of equal magnitude, do not always contain equal 
quantities of matter ; a ball of cork, of equal bulk with one of 
lead, contains less. matter, because it is more porous. The sun, 
though fourteen hundred thousand times larger than the earth, 
bdng much less dense, contains a quantity of matter only 
355,000 times as great, and hence attracts the earth with a force 
only 355,000 times greater than that with which the earth 
attracts the sun. 

The quantity of matter in the son, is 780 times greater than 
that of all the planets and satellites belonging to the solar sys- 
tem ; consequently their whole united force of attraction is 780 
times less upon the sun, than that of the sun upon them. 

The center of gravity of a body, is that point in which its 
whole weight is concentrated, and upon which it would rest, if 
freely suspended. If two weights, one often pounds, the other 
of one pound, be connected together by a rod eleven feet long, 
nicely poised on a centier, and then be thrown into a free rotary 
motion, the heaviest will move in a cilrcle with a radius of one 
foot, and the lightest will describe a circle with a radius of ten 
feet; the center around which they move is their common center 
of gravity. 

Thus the sun and planets move around an imaginary point as 
a center, always preserving an equilibrium. 

If there were but one body in the universe, provided it were 
of uniform density, the center of it would be the center of gravity 
toward which all the surrounding portions would uniformly 
tend, and they would thereby balance each other. Thus the 
center of gravity, and the body itself, would forever remain at 
Test. It would neither move up nor down ; there being no other 
Dody to draw it in any direction. In this ease, the terms up and 
ioum would hare no meaning, except as applied to the body 
'tself, to express the direction of the surface from the center. 

Were the earth the only body revolving about the sun, as the 

on^s quantity of matter is 355,000 times as great as that of the 

earth, the sun would revolve in a circle equal only to the three 

hundred andf^ty-Jive thousandth pdiTt of the earth's distance from 

it : but as the planets in their several orbits vary their positional 
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ebe center of gravity is not (always at the aame distance froia 
the sun. 

The quantity of matter in the sun so far exceeds that of all 
the planets together, that were they ail on one side of him« he 
would never be mqire than hia own diameter, froili the common 
center of gravity; the aun, is, therefore, justly considered aa the 
center of the system. 

The quantity of matter in the earth being about 80 times as 
grreat aa that of the moon, theii common center of gravity is 80 
times nearer the former than the latter, which is about 3000 
miles from the earth's center. 

The aecondary planets are governed by the same laws as their 
primaries, and both together move around a common center of 
gravity. 

Every system in the universe is supposed to revolve, in like 
manner, around one common center* * 



ATTRACTIVE AND PROJECTIL^ FORCES. 

All simple motion is natqrally rectilinear; that is, all bodies 

frat in motion would continae to go forward in straight lines, aa 
ong as they met with no resistance or diverting force. 

On the other hand, the sun, from his immense size, would, by 
the power of attraction, drew all the planets to him, if his attrac- 
tive force were not counterbalanced by the primitive impulse of 
thflrplanetary bodies to move in straight lines. 

The attractive power of a body drawing another body toward 
the center, is denominated centripetal force ; and the tendency 
of a revolving body to f^yfrom the center in a tangent line, is 
called the projectile or centrifugal force. The joint action of 
these two centra? forcct ^ves the planets a circalar motion, and 
retains them in their orbits as they revolve, the primaries about 
the sun, and the secondaries about their primaries. 

The degree of the sun's attractive power at each particular 
planet, whatever be its distance, is uniformly equal to the cen- 
trifugal force of the planet, llie nearer any planet is to the 
sun, the more strongly is it attracted by him ; the farther any 
planet is from the sun, the less is it attracted by him ; therefore, 
those placets which are the nearer to the son must move the 
faster in their orbits, in order thereby to acquire centrifugal 
forces equal to the power of the sun's attraction ; and those 
which are the farther from the son must move the slower, in 
order that they may not have too great a decree of centrifugal 
force, for the weaker attraction of the sun <it *ho4e distances. 

2B . 
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The diMOTMy of these gieat traths, by Kepler and Newton^ 
established the unitcrsal law or. planctart motion ; which 
may be stated as follows. 

1. Rrery planet moTes in its orbit with a Yelocity varying 
every instant, in oonseqiienee of two foroes; one tending to the 
center of the sun, and the other in the direetion of a tangent to 
its orbit, arising from the primitive impulse given at the time it 
was launched into space. This former is eallra its teniripetal^ the 
latter, its eerUrijfugal force. Should the centrifugal force cease, 
the planet would fall to the sun by its gravity; were the sun 
not tp Attract it, it would fly off from its orbit in a straight line. 

9.t By the time a planet has reached its aphelion, or that point 
of its orbit which is farthest from the sun, bis attraction has 
overcome its velocity, and draws it tdward him with such an 
accelerated motion, that it at last overcomes the sun's attraction, 
and shoots past him: then graduaMy decreasing in velocity, it 
arrives at the perihelion, when the sun's attraction again prevails. 

3. However ponderous or light, large or small, near or jremote, 
the planets may be, their motion is always such that imaginary 
lines joining their centers to the sun, pass over equal areas in 
equal times : and this is trae not only with respect to the areas 
described every hour by. the same planet, but the agreement holds, 
with rigid exactness, between the areas described in the same 
time, by all the planets and comets belonging to the solar 
system. 

From the foregoing prindp^ it foUowB» that &e foroe of gravity, and 
the centrifugal force, are mutual o/7po9fn^potoer»— each continually act- 
ing against the other. Thus, the weight of bodies, on the earth's equa- 
tor, 18 diminished by the centrifugal force of her diumal rotation, in the 
groportion of one pound for eveiy two hundred and ninety pounds : that 
, had the earth no motion on her axis, all bodies on the equator would 
weigh one two hundred and eighty-mnih'part more than they now do. 

On the contrary, if her diumal motion were accelerated, the centrifiigal 
force would be proportionally increased, and the weight of bodies at the 
equator would be, in the same ratio, diminished. Should the earth revolve 
upon its axis, with a velocity which would make the day but eighty<^ur 
minutes long, instead of twenty-four hours, the oentriAigal force would 
counterbalance that of gravity, and all bodies at the equator would (hen 
be absolutely destitute of wei^t ; and if the centrifugal force were fiurtber 
augmented, (the, earth revolving in less time than eighty-four minutes), 
gratitation would be completely overpowered, and all fluids and loose 
substances near the equator would fly off fiom the surface. 

The weight of bodies, either upon the earth, olr on any other planet hav- 
ing a naotion around its axis, depends joindy iqx>n the mass of the planet, 
and its diumal velocity. A body weighing one pound upon the equator 
of the earth, would weigh, if removed to die equator of the sun, 27.91bti. 
Of Mercury, 1 .03 lbs. Of Venus, 0.98 Iba Of the moon, ^ lb. Of 
Man, i lb. Of Jupiter, 3.716 lbs. Of Saturn, l.Oi lbs. 
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CHAPTER IX. 

PRECESSION, NUTATION, ABERRATION, PARALLAX, 

REFRACTION. 

In attempting to fix the plaee of any hearenly body, at a giren 
epoch, for the parpose of aaeertaming its aubseqnent moTementa, 
it 18 absolotely indispensable to know the precise changes which 
are affecting the points or lines to which the heavenly body it 
referred, and bv m#ans of which its place is determined. 

The longitude and right ascension are both reckoned from the 
aame point, vix* the tf^nai equinox^ and in case this point is not 
fixed, then to know with accuracy the place of a star or planet 
referred to the Ycrnal equinox, we must learn the precise amount 
of change in the place of this point of reference. 

If the sun in its apparent annual motion among the fixed stars, 
passed over the same identical track erery year, then the points 
HI which his orbit cnts the celestial equator would be ever in- 
Tartable. This, however, is not the case. The sun's path among 
the fixed stars, is slowly but constantly changing. If a bright 
star this year should happen to occupy the exact point in which 
the sun's path crosses the equator in the spring, at the end of 
one year the sun wonld come round and would cross the equator 
so as to leave that star a Utile to the eati. 

This apparent yearly motion of the sun westward; causes it 
to reach the eaoinox or to come to the equator earlier than it 
otherwise would do, and in this way brings on an equality 
between the days and nights, sooner than it would have come 
had the sun's apparent orbit been fixed. Because the sun in 
this way comes to the equinox at a time preceding its former 
arrival, it has been called a preeemon of the equinoxes, while 
in reality it is a recession or receding of the equinoctial points 
along the equator. We shall now in a few words trace this ex- 
traordinary phenomenon to its origin, point out its effects, and 
present its exact numerical value. 

The swift rotation of the earth on its axis, causes a protnber- 
ance or elevation around its equatorial regions as we have already 
seen. This belt of matter heaped up at the equator, is subjected 
.to the attractive energy of the sun and moon, and by their com- 
bined action exerted on this belt of redundant matter, the solid 
earth is made to reel slightly on its axis. Now the plane of the 
earth's equator produced cuts from the heavens the equinoctial, 
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and in ease this plane be in any way deranged or moTed, it will 
oease to cut the eeliptie in its fonper points. It will be seen 
readily that wha^Yer cause operates to displace the earth's 
equator, must operate to change the position of the equinoctial 
points. 

Again : as the earth's axia is erer perpendicular to the earth's 
equator, it follows that every change m the position of the equa- 
tor, invoWes a corresponding change in the position of the earth's 
axis. To exhibit this to the eye, take a wooden wheel, pass 
through its center an axis, and then let the wheel and axis fluHt 
on still water. If the wheel be one half sunk below the surface 
of the water, the other half coming up above the surface, then 
will the axis cease to be vertical, and will become inclined to- 
ward the Immersed portion of the wheel's rim. Repeat the ex- 
periment at any point of the rim, and it will be found that every 
motion of the wheel involves a corresponding motion of the axis. 

The wheel represents the earth's equator, the axis that of the 
earth, and the surface of the still water the plane of the earth's 
orbit In the long run, the eflfeet of the combined action of the 
tun and moon, on the equator of the earth, causes it to cut the 
eclipti(; in two opposite points, which move slowly backward 
every year, and accomplish an entire revolution in about 36,000 
years. As this motion is represented exactly by the earth's 
axis, it follows that in the same period the pole or the equator* 
or north pole of the heavens, will revolve around the pole of the 
ecliptic. 

. The exact value of precession, as recently determined by M. 
Striive, is 50^.23449 ; a quantity of the utmost importance, in 
the nice investigations of sidereal astronomy. 

In consequence of the motion of the north pole of the heavens, 
the bright star Polaris, now near the pole, will ultimately be 
left far behind, and at the expiration of about 13,000 years, the 
brilliant star Vega, in the Lyre, will become the polar star. 

Nutation is a subordinate effect of the same general causes 
producing precession. It was discovered by Bradley, and is 
due Id the joint influence of the sun and moon on the protuberant 
mass at the earth's equator. It varies with the configurations 
of the sun, moon, and moon's node, and is represented by sup- 
posing the extremity of the earth's axis' to describe a minute 
ellipse in the heavens, in about nineteen years, while it is car- 
ried forward in its general revolution about the pole of the eclip- 
tic. The exact numerical value of nutation, as determined by 
Busch, Peters, and Lundahl, is 9".*2320. 

Aberration,^^lf the light which radiates from a self-luminous 
body, or which is reflected from an opake one, passed instantly 
from one point in space to any other, however remote, then 
would luminous bodies actually occupy the places in space, 
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wbleh, to the eye, tbey appeftr to filL TU^ iiowever, is not 
tiie oage. Light haa been found to progrem with a rolooitj 
iuDaziDg inde^, but still finite^ bringing with it certain effects, 
which, m the present state of astronomy* cannot be disregarded. 
The discover J of the finite velocity c^ light was made by Koemer, 
from an attentive examination of the eclipses of the satellites of 
Jupiter. It will be remembered that the earth's orbit, being en- 
closed within the orbit of Jupiter, when the earth and Jupiter 
are in a straight line passing throush the sun, and on the same 
side of the sux^, they are nearer eaim other than when on oppo- 
site sides of the sun, by a distance equal to the diameter or the 
earth's orbit, or by nearly 300,000,000 of miles, it was found 
that those eclipses of Jupiter's satellites which occurred while 
th^ earth and' Jupiter were near each other, came on earlier than 
the computed time; while those occurring at the time Jupiter 
and the earth were at their greatest distance, came on too late 
for the computed time. For a long time no explanation could 
be found for this singular phenomenon. At length it was found 
to depend on the relative distances of the earth and Jupiter, and 
was finally explained by giving to the light which comes to ut 
from the satellites of that planet, a finite and determined velo> 
city. As the light from the satellites is reflected light, so soon 
as the satellite enters the shadow of Jupiter, the source of light 
is cut off; and in case light moved instantly from one point to 
another, the ecflpse would take place the moment the satellite 
entered the shadow of its primary. But the stream of light flow^ 
ing on with a finite velocity, requires a certain time to become 
exhausted. When Jupiter and the earth are nearest, or in con- 
junction, the stream is shorter, or has a less distance to flow, by 
nearly 300,000,000 of miles, than when the earth and planet are 
in opposition, or most remote from each other. In this way it 
is foand that light requires about sixteen minutes to cross the 
diameter of the earth^s orbit. The velocity thus determined has 
been confirmed, in a remarkable manner, by Bradley's discovery 
of what has been called the aberrcUion of the fixed stars. This 
is an apparent change in the places of the fixed stars, due to the 
fact that the velocity of light, combined with that of the earth 
in its orbit, causes the fixed stars apparently to describe a mi- 
nute orbit, in the period of one year. Very extended aqd minute 
investigations have revealed the actual velocity of the light of the 
fixed stars : and this velocity is nearly, if not exactly equal, to 
that of reflected light as dedaced from the observed eclipses of 
Jupiter's satellites. The nudierical value of aberration, as last 
determined by the Russian astronomers, is 30''.50. 

Parallax. — ^This subject has already been treated, in the chap- 
ter on the distribution and distance of the fixed stars. The 
effect of parallax on the place of any heavenly body, is to cause 
2b2 
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it to appear leaa demted above the horixon than it woeld be if 
•eeo from the earth's center* The apparent places of the son, 
moon, and planets, are sensibly affected by parallax ; and their 
true places can only be obtained from their apparent places, by 
eorrecting these for the effect of parallax. ' 

RrfraduMu ''^The light which reaches us from the heavenly 
bodies only comes to the eye of the obsenrer after traversing the 
atmosphere, a gaseous medium, virhich possesses the power of caus- 
ing a rar of light, while traversing it, to bend from its rectilinear 
path. In consequenee of this bending of the rays of light, called 
refraction, a star or planet is seen in the direction of the straight 
line drawn tangent to the curved ray of light, at the point where 
it enters the eye ; and it thus appears higher above the horizon 
than it really is. Tho^ a star or planet is seen, by the eye, 
while it is yet really below the horizon, in consequence of re- 
fraction. The same cause diffuses the light of day, and gives 
to us the twilight of rooming and evening. The effect of refrac- 
tion on the .places of the heavenly bodies has been carefully 
studied, and tables have been prepared, showing the value of 
refraction at all elevations above the horizon, and tor all changee 
of the thermometer and barometer. 

To obtain, then, the absolute place ^f any heavenly body, 
from its apparent place, as taken by an instrument absolutely 
perfect, we must correct its instrumental, or observed place, for 
precession, nutation, aberration, parallax, and refractionv If the 
instrument be not absolutely perfect, then must its errors be in- 
vestigated, «nd be allowed for» before a final reliable result can 
be obtained. 



THE TIDES. SOT 



CHAPTER X. 

THE llDGS. 

The oceans, and all the seas, are observed to be incessantly 
agitated for certain periods of time ; first from the east toward 
the west, and then again from the west toward t^e east. In this 
motioDi, which lasts about six hours, the sea gradually swells; 
so that entering the months of riyers, it drives back the waters 
toward their source. After a continual flow of six hours, the 
seas seem to rest for about a quarter of an hour ; they then be- 
gin to ebb, or retire back again from west to east for six hours 
more ; and the rivers again resume their natural courses. Then, 
after a seeming pause of a quarter of an hour, the seas again 
begin to flow, as before, and thus alternately. This regular al- 
ternate motion of the sea constitutes the tidesj of which there 
are two in something less than twenty-five hours. 

The sndents conBidered the ebHng and flowing of the tides as one of 
the greatest mysteries ia nature, and were utterly at a loss to account for 
Ihem. Chdileo and Descartes, and particular^ Kepler, made some sue- 
cessfiil advances toward ascertaining the cause; but Sir Isaac Newton 
was the first who clearly showed what were the chief agents in producing 
these motions. 

The cause of the tides, is the attraction of the sun and moon, 
but cliiefly of the moon, upon the waters of the ocean. In vir- 
tue of gravitation, the moon, by her attraction, draws, or raises 
the water toward her; but because the power of attraction di- 
minishes as the squares of the distance increase, the waters on 
the opposite side of the earth are not so mucb attracted as they 
^T6 on the side nearest the moon. 

That the moon, says Bir John Herschel, should, by her attraction, heap 
up the waters of the ocean under her, seems to most persons very na- 
torsi ; but that the same cause should, at the same time, heap them up 
on the opposite side, seems, to many, palpably absurd. Yet nothing is 
mor^ true, nor indeed mors evident, when we consider that it is not by 
her whole attraction, but by the differences of her attractions at the oppo- 
site surfiioes and at the center, that the waters are raised. 

That the tides are dependent upon some known and determinate lawa^ 
is evident firom the exact time of high water being pievioosly given in 
evOT ephemeris, and in many of the common almanacs. 

Ine mocai comes every day later to the meridian than on the day pie- 
eeding, and her exact time is known by calculation; and the tides in any 
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■nd etmy ptace, win be fimnd to taXkm the wuam rale; happoDmig ex- 
actly so much htar eveij dty ai the moon comes later to the metidian. 
From this exact oonfonmty to the motums of the moon, we are mdiioed 
to look to her as tiie cause ; and to mfer that these phen<Miiena aie ooe»> 
aianed principally by the qkmmi's attraction. 

THB TIDES. 





Fig. 1. 
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If the earlh were %i rest, and there were no attractive influ- 
ence from either the sun or moon, it is obvious from the princi- 
ples of gravitation, that the waters in the ocean would be tpily 
spherical (as represented by figure 1) ; but daily observation 
proves that they are in a state of continual agitation. 

]f the earth and moon were without motion, and the earth 
covered all over with water, the attraction of the moon would 
raise it up in a heap in that part of the ocean to which the moon 
is vertical, as in figure 2, and there it would, probably, always 
continue ; but by the rotation of the earth upon its axis, each 
part of its surface to which the moon is vertical is presented to 
the action of the moon: wherefore, as the quantity of water on 
the whole earth remains the same, when the waters are elevated 
on the side of the earth under the moon, and on the opposite 
side also, it is evident they must recede from the intermediate 
points, and thus the attraction of the moon produce high water 
at two opposite places, and low water at two opposite places on 
the earth at the same time, as represented by ngure 3. 

This is evident from the figure. The waters cannot rise in one place, 
without falling in another ; and therefore they must fiJl as low in ths 
horizon, at C and D, as they rise in the zenith and nadir, at A and B» 
as in the fi)llowing figure. 





It has already been shown, under the article gravitation, that 
the earth and moon would fall toward each other, by the power 
of their mutual attraction, if there were no centrifugal force to 
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pieTent them ; and that the moon would fall as much faster to-" 
ward the earth than the earth would fall toward the moon, as th« 
quantity of matter in the eanh is greater than the quantity of 
matter m the moon. The same law determines also the size of 
their respectire orhits around their common center of gpraTity. 

It fi>Uow», then, as we have seen, that th« moon does not revoli)^ 
strictly spe^ng, around the earth as a center, but around a point be^ 
iween them, which is 80 times nearer the earth than the moon, and con* 
sequently is situated about 3000 miles from the earth's center. It has 
also been shown, that all bodies moving in dictes acquire a centrifugal 
Ibrce proportioned to their respective masses and velocity. From these 
facts^ some philosoidien account for high water <m the side of the earth 
Cppoaite to the moon, in the ibOowing manner : 

As the earth and moon move around their common center of gravity, 
that part of the earth which is at any time turned firom the moon, being 
about 7000 miles fiorther from dbe center of gravitr than the 'ride next 
the moon, would have ^greater centrifugal foru than the tide next her. 
At the earth^s center, the centrifugal force wiu balance the attractive finoe ; 
therefore, as much water is throum off by iSbe centrifugal force on the 
aide whidi is turned from the moon, as is THised on the ride next her bj 
her attraction. 

From the universal law, that the force of gravity diminishes 
as the square of the distance increases, it results that the attrac- 
tive power of the moon decreases in intensity at every step of 
the descent from the zenith to the nadir; and, consequently, that 
the waters on the zenith, being more attracted by the moon than 
the earth is at its center, move faster toward the moon than the 
earth's center does : and as the center of the earth moves faster 
toward the moon than the waters about the nadir do, the waters 
will be, as it were, left behind, and thus, with respect to the 
eenter, they will be raided. 

The reason why the earth and waters of our globe do not seem to be 
aflected egtiaUy by the moon's attraction, is, that the earthy substance of 
te globe, bong firmly united, does not yield to any di&rence of the 
moon*s attractive force ; insomuch that its uj^ier and lower sur&ce must 
move equally &8t toward the moon ; whereas the waters, cohering toge- 
ther but very slightiy, yield to the diifierent degrees of the moon's attrac- 
tive force, at difierent distances from her. 

« 

The length of a lunar day, that is, of the interval from one 
meridian passa^ of the moon to another, being, at a mean rate; 
24 hours, 48 minutes, and 44 seconds, the interval between the 
flux and the reflux of the sea is not, at a mean rate, precisely six 
hours, but twelve minutes and eleven seconds . more, so that the 
time of high water does not happen at the «ame hour, but is 
about 49 minutes later every day. 

The earth revolves on its axis m about twenty-four hours ; if 
the moon, therefore, were stationary, the same part of oar globe 
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woald letttrn bobeath it, and there would be two tides eveiy 
twepty-foar hours ; but while the earth is taminff once upon its 
axis, the moon has g^one forward 13^ io her orbit* which takes 
fortjr-nine minutes more before tlie same meridian is biougbt 
again directly under the moon. And henee every suoceecung 
day the time of high water will be forty-nine minutes later than 
the preceding. 

For exampte : — SupposiB at any plaoe it be high water at 3 o'clock in 
the afbraoon, upon the day of new moon ; the following day it will be 
high water about 49 minutea after 3 ; the day after. alMut 38 mirutw 
after 4 ; and so on till the next new moon, llie exact daily mean letaiw 
dation fA the tides is thus determined : 

The mean motion of the mooU; in a tolar day, is 13^.17630630 
The mean motion of the son, in a solar dayt is 0.06564772 

Now, as 19> ia to 60 minntas, so is ir.10074017 to 48^ 44^'. 

It is.obrious that the attraction of the sun most produce upon 
the waters of the ocean a like effect to that of -the moon, though 
in a less degree ; for the great mass of the sun is more than 
compeiisated by its immense distance. NeTertheless, its effect 
is considerable, and it can be shown, that the bijrht of the solar 
tide is to the bight of the lunar tide as 9 to 5. Hence the tides, 
though constant, are not equal. They are greatest when the 
moon is in conjunction with, or in opposition to, the sun, and 
least when in quadrature. For, in the former case, the sun and 
moon set together, and the tide will equal the sum of the solar 
and lunar tides, and in th^ latter they act against each other^ 
and the tide will be the difference. 

The former are called vprifig iide$ f the latter, nee^ Hdet. The 
spring tides are highest when the sun and moon are near the 
equator, and the moon at her least distance firom the earth. The 
neap tides are lowest when the moon, in her first and seeoiid 
quarters, is at her greateat distance from the earth. The general 
theory of the tides is this : when the moon is neaiest the earth« 
her attraction is strongest, and the tides are the highest; when 
she is farthest from ue earth, her attraction is least, and the 
tides are the lowest. 

From the aboTe theory, it might be supposed that the tides 
would be the highest when the moon was on the meridian. But 
it is found that in open seas, where the water flows freely, the 
moon has generally pas$ed the north or touth meridian about three 
hours when it is hi0k water. The reason is, that the force by 
which the moon raises the tide conUnuet io aei^ and conseouently 
the waters continue to rise after she has passed the meridian. 

• For the same reason, the highest tides, which are produced by 
the conjunction and opposition of the. sun and moon, do not hap- 
|Mn on the days of the full and change ; neither do the lowest 
tides happen on the days of their quadratures. — But the greatest 



THE TIDES. 311 

m 

ipring Hde$ eommonly Happen 1| days tfier the new and full 
moons ; and the least nen^ Udes li days after the first and third 
quarters. - * 

The BQii and moon, by reason of the elUptica] finm of their orbitB, are 
alternately nearer to and fiirther from the earth, than their mean diatanoest 
In ccHiaequence of this, the eflScacy of the sun will fluctuate between the 
extremes ]9 and 21, taking 20 for its mean value; and between 43 
and 59 fiir that of the moon. Taking into account this cause of difiei^ 
enoe, ^e hig^iest spring tide will be to the lowest neap as 69-|-21 b tp 
4^—19, or as 80 to 24, or 10 to 3. The relatiYe mean influence is as 
61 to 20, or as 6 to 2, nearly.-^Ha-9eheC9 Ajstr. p. 339. 

Though the tides, in open teas, are at the highest about, three 
houH after the moon has passed the meridian, yet the waters in 
their passage through shoals and channels, and by striking 
against capes and headlands, are so retarded that, to different 
places, the tides happen at all distances of the moon from the 
meridian ; consequently at all hours pf the lunar day. 

In small collections of water, the moon acts at the same time 
on every part ; diminishing the gravity of the whole mass. On 
this account there are no sensible tides in lakes, they being gen- 
erally so small that when the moon is vertical, it attracts every 
part alike ; and by rendering all the waters equally light, no 
part of them can be raised higher than another. The Mediterra- 
nean and Baltic seas have very small elevations, partly for this 
reason, and partly because the inletis by which they communi- 
eate with the ocean are so narrow, that they cannot, in so short 

' a time, either receive or discharge enough, sensibly to raise or . 
sink their surfaces. 

Of all the causes of difference in the hiprht of tides at different 
places, by far the greatest is local situation. In wide-mouthed 

. rivers, opening in the direction of the stream of the tides, and 
whose channels are growing gradually narrower, the water is 
accumulated by the contracting banks, until in some instances 
it rises to the bight of 30, 30, and even 50 feet. 

Air being lighter than water, and the surface of the atmosphere 
being nearer to the moon than the surface of the sea, it cannot 
be doubted but that the moon raises much higher tides in the 
atmosphere than in the sea. According to Sir John Herschel, 
these tides are, l>y very delicate observations, rendered not only 
Sensible, but measurable. 

Upon the supposilion that the waters on the suiflioe of the moon ars 
of the same specific gravity as our own, we might easily determine the 
bight to which the earth would raise a tiinar' tide, by the known principle, 
&at the attraction of one of these MKlies on the other's surface is directly 
as its quantity of matter, and inversely as its diameter. By making the 
c^ilculation, we shall find the attractive power oifthe earth upon the moon 
to be 21.777 times greater than that of the moon upon tfas eailh. 
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CHAPTER XI. 

THE SEASONS— DIFFERENT LENGTHS OF THE DAYS AND 

NIOHTS. 

The yicissitudes of the seasons and the oneqaal lengths of 
the days and niffhts, are occasioned by the annual rcTolution ol 
the earth around the sun, with its axis inclined to the plane ol 
its orbit. 

The temperature of any part of the earth's surface depends 
mainly, if not eiitireiy, upon its exposure to the sun's rays. 
Whenever the sun is above thd horizon of any place,i that place 
is receiving heat; when the sun \b below the horizon, it is parting 
with it, by a process which is' called radiation. The quantities 
of heat thus received and imparted in the course of the year, 
must balance each other at every place, or the equilibrium of 
temperature would not be supported. 

Whenever, then, the sun remains more than twelve hours 
above the horizon of any place, and less beneath, the general 
temperature of that place will h^ above the mean state; when 
the reverse takes place, the temperature, for the. same reason, 
will be below the mean state. Now the continuance of the sun 
above the horizon, of any place, depends entirely upon his decli- 
nation, or altitude at noon. About the 20th of March, when the 
sun is in the vernal equinox, and consequently has no declination, 
he rises at six in the morning and sets at six in the evening ; 
the day and night aie then equal, and aft the sun contioiues as 
long above our horizon as below it, his influence must be nearly 
the same at the same latitudies, in buth bemiBpheres. 

From the 20th of March to the 3Ut of June, the days grow 
longer, and the nights shorter ; in th^e northern hemisphere the 
temperature increases, and we pass from spring to mid-summer; 
while the reverse of this takes place in the southern hemisphere. 
From the 2l8t of June to the 23d pf September, the days and 
nights again approach to equality, and the excess of temperature 
in the northern hemisphere above the mean state, grows less, as 
also its defect in the southern ; so that, when the sun arrives ai 
the autumnal equinox, the mean temperature is again restored. 
From the 23d of September until the 2 1st of December, our 
nights grow longer and the days shorter, and the cold increases 
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at before it dioiimehed; while we paai firom antamn to mid 
winter, lA tlie northern hemisphere, ind the inhabitants of the 
■oathero hemisphere from spring to mid-summer. From the 
91 St of December to the 90th of March, the cold relaxes as the 
days grow lonser, and we pass from the dreariness of winter to 
the mildness ot spring, when the seasons are completed, and the 
mean temperature is again restored. The same Ticissitodes trans- 
pire, at the same time, in the sontherh hemisphere^ but in a 
contrary order.— Thus are produced the foar seasons of the year. 

But I hare stated not the only, nor, perhaps, the rooei efficient 
cause in producing the heat of summer and the cold of winter. 
If, to the inhabitants of the eauator, the iun were to remain 16 
hours below their horixon, ana only 8 hours above it, for every 
day of the year, it is certain they would nerer experience the 
rigors of our winter; since it can be demonstrated, tnat as much 
heat falls upon the same area from a vertieal son, in 8 hours, as 
would fall irom him at an anffle of 60^, in 16 hours. 

Now as the sun's rays fall uto&t obUquely when the daif/s are 
Mkortestj and moei directly when the dayt are kmgeet, these two 
causes, namely, the duration and intensi^ of the solar heat, 
together, produce the temperature of the different seasons. The 
reason why we have not the hottest temperature when the days 
are longest, and the coldest temperature when the days are 
•hortest, but in each case about a month afterwards, appeare to 
be, that a body once heated, does not grow cold instantaneously, 
but graduallv, and so of the contrary. Hence, as long as more 
heat comes from the sun by day than is lost by night, the heat 
will increase, and pice verta. 

The north pole of the earth is denominated the elevated po\e^ 
because it is always about 93^^ above a perpendicular to the 
plane of the equator, and the south pole is denominated the de* 
preued pole, because it is about the same distance below such 
perpendicular. 

As the sun cannot shine on more than one half the earth's 
surface at a time, it is plain, that when the earth is moving 
through that portion of its orbit which lies above the sun, t^e 
elevated pole is in the dark. This requires six months, that is, 
until the earth arrives at the equinox, when the elevated pole 
emerges into the light, and the depressed pole is turned away 
from the sun for the same period. Consequently, there are six 
months day and six months night, alternately, at the poles. 

When the sun appears to us to be in one part of the ecliptie, 
the earth, as seen from the sun, appears in the point diametri- 
cally opposite. ' Thus, when the sun appears in the vernal equi- 
nox at the first point of Aries, the mrth is aetnally in the oppo* 
site eauinox at Libra. The days and nights are then equal all 
orer the world. 
20 
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At Um MB tppeavi to move up from the venml eooinox to the 
•enimer eoletiee, tlie eeith eetoelly moves from tbe aotaniBal 
eqainox down to tbe winter eoletiee. The days bow lengthen 
in the northern hemiephere, and shorten in the soathera. The 
son is BOW over the north pole, where it is mid*daj, and opp<H 
site the soath pole, where it is midnught. 

As the snn deeeends from the ennuner solsttee toward the 
aotamnal eqninox« the earth aseends from the winter solstiee 
toward the vernal eqainox. The sommer days in the northern 
hemisphere having waxed shorter and shorter, npw become 
again of equal length in both hemispheres. 

While the sun appeaii to move from the anmmnal equinox 
down to the winter aolstiee^ the earth passes no from the vernal 
eqainox to the summer solstiee; the south pole comes into the 
light, the winter days continually shorten in the northern hemi- 
sphere, and the summer days as regularly increaae in length in 
the southern hemisphere. 

While the sun appears again to ascend from its winter sol- 
stice to the vernal equinox, the earth descends from the summer 
solMice to the autumnal equinox. The summer daya now 
shorten in the southern hemisphere, and the wintn days lengthen 
in the northern hemisphere. 

When the sun passes the vemal equinox, it rises to the arctic 
or elevated pole, and sets to the antarctic pole. When the sun 
arrives at the summer solstice, it is noon at the north pole, and 
midnight at the south pole. When the sun passes the autumnal 
equinox, it sets to the north pole, and rises to the south pole. 
When the sun arrives at the winter solstiee, it is midnight at 
the north pole, and noon at the south pole; and when the sun 
comes agam to the vernal equinox, it cloaee the day at the south 
pole, and lights up the morning at the north pole. 

There would, therefore, be 186^ days during which the sun 
would not set at the north pole, and an equal time during which 
be would not rise at the south pole ; and 178^ days in which he 
would not set at the south pole, nor rise at the north pole. 

At tbe arctic circle, 33^ 37^' from the pole, the longest day is 
24 hours, and goes on increasing as you approach the pole. In 
latitude 67^ IS' it is 30 days; in lat. 69^ 30' it is 60 days, &c. 
The same takes place between the antarctic circle and the south 
pole, with the exception, that the day in the same latitude south 
IS a little shorter, since the sun is not so long south of the eoua- 
tor, as at the north of it. In this estimate no >aoco.ttnt is taken 
of the refraction of the atmosphere, which, as we shall see 
hereafter, increases die leqgth of the day, by makin|f the sub 
appear more elevated above the horizon than it really u. 
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The above cut leprosents the inclination tS the eai^'a axia to ita mhit 
in eveiy one of the twelve agna of the ecliptic, and conaetpiehll j for each 
month in the year. The son enten the sign Aries, or the Temal equi^ 
nox, on the 20th of March, when the earth's aiis inclines neither toward 
the sun, nor fiwn it, but ndewiae to it ; so that the son then shines 
equally upon the earUi fiom pole to pole, and the day* and nighti are 
everywhero equal This is tbobeginnin^ of the astronomical year; it is 
also the beginning of day at the noith pde, which is just coming mta 
Ge^ and the end of day at the south pole» which is just going into 
darkness. 

By the earth's <»)iital progress, the sun appears to enter the second 
sigp, TauruSj on the 20th of April, when the north pole, N, has sensibly 
advanced into the light, while the south pole, S, has been declining firiNn 
it ; whereby the days become longer than the nights in the northern 
hemisphere, and shorter in the southern. 

On the 21st of May, the sun appears to enter the sign Gemini, when 
the north pole, N, has advanced considerably fuither into the light, while 
the south pole, S, has proportionally declined fiom it ; the summer days 
are now waxing longer in the northern hemi^here, and the nighta 
shorter. 

The 2lst of June, when the son enters the sign Cancer, is the ftrsC 
day of summer, in the astronomical year, and the kmgest day in the 
northern hemimhera. The north pole now has its greatest inclinatioii 
to thesun,theligfatof whidi, as is shown by the hoondaiy of fight and 
darkness, in the figuie, extends to the utmost veige of the ilre/te Cirekf 
the whole of which is included in. the enlightened hemisphere of the 
earth, and enjoys, at tiiis soason, eonstant day during the complete revo- 
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bitioit of tfao euth on its axk The wh«fe ai the northeni Frigid Zone 
Ml now in the dide of peip^tml iikimination. 

On the 23d of July, the sun enten the sign Leo / and as the line of 
die earth*s axis always continnes parallel to itself the boundaiy of light 
and daikneas begins to approach neater' to the poles, and the length of 
the day in the northem hemisphere, which had aniTed at its maximum, 
begins gradually to decrease. On the 23d of August, the sun enters the 
■gn VirgOf increasing the qp{iearances mentioned in Leo> 

On the 28d of Sep^mber, the sun enters lAbra, the fint of the au- 
tumnal signs, when the earth's axis, having the same inclination ^is it had 
in the opposite sign, Aneg, is turned neither ^/^x>m the sun, nor toward it, 
but obliquely to it, so that the sun again now shines equally upon the 
whole of the earth's sur&oe from pde to pole. The days and nights are 
once more of equal length throughout the wcorid. 

On the 23d of October, the sun enters the sign Seorpio $ the days Tisi* 
My decrease in length in diex northem hemisphere, and increase in the 
southern. . \ . 

On the 32d of November, the sun enters the sign Sagittarius, the last 
of 'the autumnal signs^ at which time the boundary of %fat and darki^ess 
is at a considerable distance from the north pole, while the south pole has 
prqwrtionally advanced into the light ; tho length of the day continues 
to increase in the southern hemisphere, and to decrease in the northern. 

On the 2l8t of December, wluch is the period of the winter solstice, 
the sun entels the sign Capricorn. At tins time, the north pole of the 
earth's axis is turned finnq the sun into perpetual darkness; while the 
south pde, in its turn, is brought into die light ai the sun, whereby the 
whole Antaretic region comes into the cuds of popetuai iUurainatiatL 
It is now that the s(»idiem hemisphere enjoys all those advantages whh 
which die northem hemisphere was &vored on the 21st of June; while 
the northern heminhere, in its turn, uadeigoes the dreariness of winter, 
inM 4io(t days mA kmg nightii 
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CHAPTER XII. , 

AUR6rA B0REAU8 ^ ^ 

Tbk BoUime liiid beautiful phenomena preeented by the aurora 
boreaiia^ or fwrthem Hghi», as they are called, have been in all 
ages a eource of admiration and iRfonder alike to the peasant and 
the philosopher. In the regions of the north, they are regarded 
by the isnorant with snperatitions dread, as harbingers of evil ( 
while all agree in placing them among the unexplained wonders 
of natort^ 

These lights, or meteoric ooruseations, are more brilliant in 
the arctic regions, appearing mostly in the winter season and in 
frosty weather. They commonly appear at twilight near the 
horizon, and sometimes continue in that state for several hoars 
without any perceptible motion; after which they send forth 
streams of stronger light, shoottnff with great Telocity up to the 
zenith, emulating, not unfrequentTy, thelightnfng in TividneSSv 
and the rainbow in coloring ; and again silently rising in a com- 
nact majestic arch of steady white light, apparently durable and 
imraorable, and yet so eTanescent, that while the beholder looks 
upon it, it is gone. 

At other times, they corer the whole henrisphere with their 
flickering and fantastic coruscations. On these occasions their 
motions are amasingly quick, and they astonish the spectator 
with rapid changes of form. They break out in places where 
none were seen beCne, skimming briskly along the heavens ; 
then they are suddenly extinguished, leaTing behind a uniform 
dusky track, which again is orilliantly illuminated in the same 
manner, and as suddenly left a dull blank. Some nightathey 
assume the appearance of Tast columns; exhibttiniBf on one side 
tints of the deepest yellow, and on the other, melting away till 
they become undistinguishable from the surrounding sky. TheT 
have generally a strong tremulous motion from end to end, 
which continues till the whole Tanishea. 

MaupertuU relates that, in. Lapland, ^* the sky was somettmet 
tinged with so deep a red, that the constellation Orion looked as 
though it were dipped in blood, and that the people fancied ther 
saw armies engaged, fiery chariots, and a thousand prodigies.'* 
ChneUn relates that, *«in Siberia, on the confines pf the icy 
2o3 



Si 8 GEOGRAPHY OF THE HEAVENS. 

the speotral forms appear like rushing armies; and thai the hisa- 
itkg crackling noises of those erial fire-works so terrify the doffg 
and the hnnters, that they fall prostrate on the ground, and will 
not move while the raging host is^ passing.** 

Kergueien describes '* the night* between Iceland and the Ferro 
Islands, as brilliant as the day,** the heavens being on fire with 
ilames of red and white light, changing to columns and arches, 
and at length confounded in a brilliant chaos of cones, pyramids, 
radii, sheaves, arrows, and globes of fire. 

But the evidence of Capt, Parry is of more value than that of 
the earlier travelers, as he examined the phenomena under the 
most favorable circumstances, during a period of twenty-seven 
eonsectttrve months, and because his observations are uninflu- 
enced by imagination. He speaks of the shifting figures, the 
spires and pyramids, the majestic arches, and the sparkling bands 
and stars which appeared within the arctic circle, as surpassing 
bis powers of description. They are indeed sufficient to enlist 
the superstitious feelings of any people not fortified by religion 
and philosophy. 

The colon of the polar lights are of various tints. The ra^9 
as heama are steel gray, yellowish gray, pea green, celandine 
green, gold yellow, violet blue, purple, sometimes rose red« 
crimson red, blood red, greenish red, orange red, and lake red^ 
The archcB are sometimes nearly black, passing into violet blue, 
gray, gold yellow, or white, bounded by an edge of yellow. 
The /m^ of these liffhts varies in kind -as well as intensity. 
Sometimes it is pearly, sometimes imperfectiy vitreous, some- 
times metallic. Its degree of intensity varies ftcm a very Mnt 
radiance to a light nearly equaling that of the moon. 

Many theories have been proposed to account for this Won- 
deiful phenomenon, but there seems to be none which is entirelj 
satisfactory. One of the first conjectures on record, attributes it 
to inflammable vapors ascending from th|> earth into the polar 
atmosphere, and there ignited by electricity. Dr. Halley objeeta 
to this hypothesis, that the cause was inadequate to produce the 
effect, tie was of opinion that the poles of the earth were in 
some, way connected with the aurora; that the earth was hollow, 
having within it a magnetic sphere, and that the magnetic efflu- 
via, in passing from Xm north to the south, might become visible 
hn the northern hemisphere. 

That the aurora boreatis is, to some eztept, a magnetieal phe- 
nomenon, is thought, even by others, to be pretty clearly esti^ 
blished by the following coDsiderations : 

1. It has been observed, that when the aurora appears near 
tiie northern koriion in the form of an arch, the middle of it is 
not in the direction of the true north, but in that of the magnetic 
BMdle at the place of obterraitioii; and that when the arch riset 
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towtid the senith, it constantly crosses the hearepd at rig^t an- 
gles, not to the true magneiie meridian. . 

9. When the beams of the aarora shoot op ao as to pass the 
senith, which is sometimes the case, the point of their converff^ 
ence is in the direction of the prolongation of the dipping needle 
at the place of obserration. 

3. It has also been obsenred, that during the appearance of am 
active and brilliant aurora, the magnetic needle often becomes 
restless, varies sometimes several deffrees, and does not lesums 
its former position i\ntil after several hours. 

From these facts it has been generally inferred, that the aurora 
is in some ^ay connected with the magnetism of the earth ; and 
that the simultaneous appearance of the meteor, and the disturb- 
ance of the needle, are either related as cause and effect, or as 
l!he common retuU of some more general and unknown cause. 
Dr. Young, in his lectures, is very certain that the phenomenon 
in question is intimatelv connected with electro-magnetism, and 
ascribes the Ughi of the aurora to the illuminated agency of 
electricity upon the magnetioal substance. 

It may be remailced, m support of the electio-magnetic theoir, that in 
magnetiBm, ttie agency of electricity is now clear^ established ; and it 
can hardly be doubted that the phenomena, both of electricity and mag^ 
netiam, are produced by one and the same cause ; inasmuch as magnet^ 
ism may be induced by electricity, and the electric spaik has been dnwn 
from the tOBffniiL 

Sir John Herschel also attributes the sppearance of the aurora* 
to the agency of electricity. This wonaerful agept, says he, 
which we see in intense activity in lightning, and ini a feebler 
and more diffused form traversing the upper regions of the at- 
mosphere in the northern lights, is present, probably, in immense 
abundance in every form of matter which surrounds us, but be^ 
comes sensible pnly when disturbed by excitements of peculiar 
kinds. 
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CHAPTER XIII. 

ASTRONOMICAL INSTRUMENT& 

Thb rapid introdaction of telescopes into tcbools and aeade* 
miea, as means of mstraetion, demands some notice of the con- 
Btraction and modes of using these instrnraents. The great adran* 
tage of possessing snch means of awakening interest and exciting 
to stody, will be readily appreciated when we remember that the 
actual sight of an object trough a telescope for eren a single 
moment, produces an impression, through the eye, on the mind, 
that no labored description can ever accomplish. 

There are two principal classes of telescopes, the Erfrading 
and RefUeting, in the first class, the light from the object 
nnder examination falls on a lens of glass, and by refraction is 
brought to a focus, forming an image of the object which is then 
inspected through a powerful magnifying glass called the Mfc 
ptece. In the reflecting telescope the light fttlls on a metallie 
speculum or highly polished mirror of such form as to r^eet the 
light to a focus, where the image formed is examined with a 
magnifying glass. The largest telescopes which have ever been 
constructed, are of the r^ieeting kind, and among these may be 
mentioned the Great Reflector of Sir William Herschel, the 
diameter of whose speculum was four feet^ and its focal length 
forty feet. ' A much larger one has recently been constructed by 
Lord Rosse, an Irish nobleman of great liberality, skill and 
science. The speculum of his Monster Reflector, as it has been 
termed, is no less than six feet in diameter ! and its focal length 
is 54 feet. This magnificent instrument has accomplished the 
resolution of a great number of nebule into stars, which had 
resisted the power of all preceding instruments. The largest 
reflecting telescope accurateW mounted in the world, is that in 
the obsermtory of Mr. Lasselle, near LiTcrpool. Its speculum 
is about 94 inriies in diameter. 

For many years reflecting telescopes have been little used for 
any other purpose than mere gasing, in consequence oi their 
unwieldly proportions, rendering it next to impossible to mount 
them with sufficent accuracy and steadiness, for the nicer meas* 
ures and obsenrations of astronomy. These difficulties seem to 
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have bewi suocessfullj oyerooiD« by Mr. Lasielle, and with the 
accurate figpire which Lord Rosae haa been able to give to his 
large specula, reflectors may again come into competition with 
refractors as instrumeots for critical obserration. 

The largest and most perfect refracting telescopes, have been 
manufactured at the optical institute of Utzschneider and 
Frauenhofer* of Munich, Bavaria. Two instruments have been 
there constructed, with object glasses of about fifteen inches, 
diameter. One of these is at the Imperial Russian observatory 
at Pulkova, near St. Petersburgh ; the other is now mounted in 
the observatory at Cambridge, New England. The refractor 
of tha Cincinnati observatory has an object glass of 13 inches 
diameter, and a focal length of 17 feet. 

These large instruments are mounted with all the perfection 
of art. Their enormous weight is so perfectly counterpoised 
and balanced in every direction, as to be moved by the slightest 
touch of the observer. They are provided with delicate ma- 
chinery, which may be attached to the telescope, and will give 
to it a motion such as shall exactly follow the apparent diurnal 
motion of any object under examination. But for this most 
ingenious and beautiful contrivance, with high magnifying 
powers, it would be next to impossible to follow the swift ap- 
parent motion of the heavenly bodies. 

The Equatorial tektcope^ whether refracting or reflecting, is 
mounted m such way as to revolve on twe principal axes. The 
one called the polar tucu^ is precisely parallel to the earth's axis ; 
the other, called the declination axi$^ is perpendicular to the first 
in all its positions. By revolving the telescope around the polar 
axis, w^ follow the diurnal motion of the heavenly bodies ; by 
moving the telescope around the declination axis, it is carried 
north or south, describing the arc of a declination circle. The 
two motions combined, enable the observer to direct the telescope 
to any point in the heavens. 

The Sour Circle^ firmly attached to the lower extremity of the 
polar axis, is divided into hours and minutes of time, and mea- 
sures with accuracy any motion of the telescope around the polar 
axis. The Declination CircljS, fixed to the declination axis, is 
divided into degrees and minutes of arc, and by Verniers, into 
seconds, rendering it possible to read with accuracy any motion 
of the telescope around the declination axis. 

The Micrometer is an instrument so contrived >s to measure, 
with great accuracy, the relative distances and positions which 
fall within the field of the telescope. There are many construc- 
tions for this purpose, amonjor them Frauenhofer's wire micro- 
meter holds a high rank. Two delicate 9pidert^ vfdu are so 
adjusted in the focus of the eye-piece of the telescope, that they 
are seen distinctly, and appear, when illuminated by a small 
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lamp, M delicate gfolden wires dnwp aeros* the field of view. 
The machinery bearing these wires is so eonlrived as to enable 
the observer te moTe them parallel to tbemselres, and also to 
rsToUe them aronnd the axis of the telescope. Each of these 
motions is measared by divided seales, in the most preeise man- 
ner ; and such is the power of the micfometers attached to the 
large refractors now in use, that the semi*diameter of a spider^s 
web may be measared with great certainty, or an inch may be 
divided into 80,000 eqnal parts. 

With the micrometer, the distance and angle of position of 
the double stars, the diameters of the planets, of the sun and 
moon, are accarately measared ; and a rariety of delicate obser* 
▼ations made, which could iiot be accomplished in any other 
way. 

The mounting of large instruments is very expensive, when 
attended with all the accurate detail necessary to render them 
nsefut as means of accarate obserration. The amateur astrono- 
mer, who wishes his telescope mounted merely for finding and 
gazing, may iiccomplish it at a trilling expense. (Fer a de- 
scription of a cheap and convenient mounting, called the Paral- 
lactic Ladder, see Mitchel's Sidereal Messenger, Vol. III.) 

The TVansit Imirumeni^ is a telescope firmly attached to an 
axis perpendicular to that of the telescope, and passing through 
its center. When this axis is so placeu on permanent supports 
ss to be exactly level, and precisely east and west, the telescope 
will, in reToWing around its axis, describe a great circle passing 
north and soath, or will remain in all positions in the plane of 
the meridian. The horizontal axis is composed of two hollow 
cones of brass or bther material, firmly attached to the tube of 
the telescope, on either side. In the focus of the eye-piece, 
several S|iiders*-webs are placed at equal distances from each 
other, and precisely rertical in position. These are crossed at 
right angles by one horizontal spider's line. The number of 
▼eriical wires^ as they are called, is generally seven. The 
transit instrnmenl is used to determine the right ascension of the 
heavenly bodies, and the principle of its application is extremely 
simple, while its actual use is attended with great difficulty, and 
reqoires extraordinary care and skill. 

It will be remembered, that the right ascension is measared 
on the equator, from the rernal equinox round through d4 hours 
or 360 degrees. The instant when the yemal eqtiinox is on the 
meridian^ is the moment marked hours by a sidereal clock, or 
at that moment the sidereal day begins. If an object is found to 
cross the meridian, passing the field of the transit instrument and 
its central wire, atone hour seven minutes eight and three-tenths 
seconds, sidereal time, then will this belts right ascension in time. 

To obtain the instant of crossing the middle wire, or the mean 
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of the wires, is the critical matter in observing with the transit. 
The observer so places his telescope, in declination, that the 
star to be obsenred will enter the field of view near the horizon- 
tal wire. About the time of its appearance, he takes the second 
from the clock, and, counting the beats, notes at what beat, and 
fraction of a beat, the star passes each of the seven vertical 
wires. By adding together these times, and dividing by seven, 
he obtains the instant at which the star crossed an imaginary 
wire called the mean of the wim. This, corrected, for the 
various errors to which the clock and transit instrument are liable, 
will give the apparent right ascension of the object observed. 
The principal errors of the transit, are the following :-»lst., error 
of l^fel, arising from the fact that the horizontal axis is not pre- 
cisely level, and, in case the east end is highest, the telescope 
will look too much west, and the reverse, if the west, end be 
high. 8d., Error of azi^uth^ occasioned by the horizontal axis 
not being located precisely east and west* If the east end of 
the axis be a little north of east, then the telescope, looking 
north of the zenith, will point west of the meridian ; looking 
south of the zenith, it will point east of the meridian. 3d., error 
of eoUtmaUofij arising from a failure to make the axis of the 
telescope precisely perpendicular to the horizontal axis on which 
it revolves. This error may cause the instrument to look either 
too much east or west, as the axis inclinea in the ope or the 
other direction. 

The TVamit Circle is an instrument like a transit telescope, 
bearing on its horizontal axis a graduated circle, by means of 
which the position of the instrument, in declination, may be read 
with accuracy. Such an instrument enables the observer to 
determine both the right ascension and declination of the object 
under examination, at the same observation. 

These are oalled fixed, or meridian instruments, because, un- 
like the equatorial, which may be directed to any point in the 
heavens, they move only in the, plane of the meridian. 

l^ere are many other astronomical instruments, but our limits 
will hot permit, in this place, a more extended notice. The 
only object has been, to gri^e to the student some idea of the 
construction of the instruments usually found in an astronomical 
observatory. In mounting these telescopes for scientific use, 
the greatest pains roust be taken to secure a firm foundation ; 
such is the delicacy of these instruments, that nothing short of 
the most solid and isolated foundation, will render their results 
reliable. At the Cincinnati Observatory, lar^e piers of grouted 
masonry are founded on the rock, and carnea up to a bight 
suitable to receive the stone columns on which the telescopes 
are fixed. These piers are entirely isolated from the building 
and are seenred from any external action. 
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CHAPTER XIV* 

QUESTIONS ON THE BfAPS; TABLES, ETC. 

It has been thought onnecessarj, as it is qotte impracticable, 
to present a full set of questions on each of the constellations, 
and othet topics treated in this yolnine. This would have in- 
creased the size of the Tolume to nearly twice its present dimen- 
sions, without increasing its value. Everj judicious teacher 
will pursue his own plan of communicating instruction, and will 
nerer confine himself or his pupils to a set of stereotyped 
questions. 

We present, therefore^ as a mere specimen of the kind of exa- 
mination which we deem important, a series of Questions on the 
Constellation Cygnus, Map No. 30. 



Is the Swan a northern or southern constellation ¥ In what 
declination is its southern limit 1 How far north does it extend 1 
Between what hours of R. A. is it included 1 How is it bounded 
on the south, east, north, west? How is it situated, with refe- 
rence to « Lyr«1 How may the constellation be recognized in 
the heavens ? What stars constitute the longer piece of the 
Cross t What stars the shorter piece 1 What is the name and 
magnitude of « Cygni 1 How many stars of the third magni- 
tude are contained in the Swan, and tbeir letter names! Where 
are At, (, and • situated t Where is situated 1 Where are /, 
6, and » found 1 What are some of the principal double stars t 
What are the magnitudes and colors of the components of /8 Cyg- 
ni t What remarkable fact in the history of the components of 
/ Cygni ? What tHeir distance, and probable period of revolu- 
tion t Give some account of the discovery of the parallax of 61 
Cygni. What is the distance of this set from our system! 
What their period of revolution T What the sum of the masses 
of these stars, compared with the sun*s mass T What is the 
distance and magnitude of the components of 61 Cygrni 1 Why 
was it selected, by Bessel, for his researches for parallax? 
How does its swift proper motion accord with M&dler*s theory 
of a central sun ? 

What remarkable nebule are found in the constellation ? What 
ourious phenomena have been remarked in the planetary nebulae 
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near / Oygni ? What may be said with regard to the magnitade 
and distance of these objects 1 Are they situated in the resion 
of the fixed stars 1 How shouhl the chart or map be held» to 
make its stars conespond to those in the hesTens t 



TABLES. 



PLACaBS OP THE PLANETS In JANUARY, 18«. 

From these places, and the elements of the planets given in 
this work, the approximate positions of the planets may be 
readily compiited, so as to find them at any time. 



Nam^i. 

Mercury, 

Venus, 

Mars, 

Vesta, 

Juno, 

Pallas, 

Ceres, 

Jupiter, . 

Saturn, 

Uranus, 



TABLE J. 



Apparent 


R. A. 


Apparent Bee. 


18h. 29m 


. 23s. 


S. 24^ 46' 01" 


21 33 


53 


S. 16 22 28 


17 03 


24 


8. 23 05 40' 


12 


00 


S. 6 24 00 


6 16 


30 


S. 19 00 


16 33 


18 


N. 3 10 00 


16 39 


do 


S. 19 18 00 


9 37 


07 


N. 15 10 03 


23 26 


33 


S. 5 57 12 


1 08 


40 


N. 6 37 66 



2D 



\ I 
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TABLE n. 


1 




TABLE ffl. 






1*0 change degrees, mmufees, and 
■econds of the equator, or of 
light ascension, into houn, mi- 
nutes, and seconds, of siderea] 
tinn. 


To change houra, minutes, and se- 
conds, ai sidereal time, into degrees, 
minutes, and seconds, of the equa- 
tor, or right ascension. 


Deg. 

Mi. 
See. 


H. M. 
M.S. 
8.Th. 


Deg. 
Min. 


H. M. 
M. 8. 

S.Th. 


• 

I 

& 


. 5 

5 § 


m 

a 


1 


Min. 
Sec. 
Th. 

1 


D. M. 

M.S. 
S Th. 

15 


Min. 
Sec. 
'I'h. 

31 


D. M. 

M.S. 
S.Th. 


1 


4 


31 


2 4 


70 


4 40 


I 


15 


7 45 


2 


8 


32 


2 8 


80 


5 20 


2 


30. 2 ;o 30 


32 


8 


3 


12 


33 


2 12 


90 


6 


8 


45 


3 45 


33 


8 15 


4 


16 


34 


2 16 


100 


6 40 


'4 


60 4 


1 


34 


8 30 


5 


20 


36 


2 20 


110 


7 20 


5 
6 


75! 5 


1 15 
1 30 


35 
36 


8 4:> 


6 


24 


36 


2 24 


120 


8 


90 


6 


9 


7 


28 


37 


2 28 


130 


8 40 


7 


105 


7 


1 45 


37 


9 15 


8 


32 


38 


2 32 


140 


9 20 


8 


120 


8 


2 


38 


9 30 


9 


36 


39 


2 36 


150 10 


9 


135 


9 


2 15 


39 


9 45 


10 


40 


40 
41 


2 40 
2 44 


160 
170 


10 40 


10 
11 


150 
165 


10 
11 


2 30 
2 45 


40 
41 


10 


11 


44 


11 20 


10 15 


12 


48 


42 


2 48 


180 12 


12 


180 


12 


3 


42 


10 80 


13 


52 


43 


2 52 


190 


12 40 


13 


195 


13 


3 15 


43 


10 45 


14 


56 


44 


2 56 


200 


13 20 


14 


210 


14 


3 30 


44 


11 


15 


1 


45 


3 


210 


14 


15 


225 
240 


15 
16 


3 45 

4 


45 

46 


11 15 


16 


1 4 


46 


3 4 


220 


14 40 


16 


11 30 


17 


1 8 


47 


3 8 


230 15 20 


17 


255 


17 


4 15 


47 


11 45 


18 


1 12 


48 


3 12 


240 16 


18 


270 


18 


4 30 


48 


12 


19 


1 16 


49 


3 16 


250 16 40 


19 


285 


19 


4 45 


49 


12 15 


20 


1 20 
1 24 


50 
51 


3 20 


260,17 20 


20 


300 


20 
21 


5 
5 15 


50 
51 


12 30 


21 


3 24 


270 


18 


21 1 


315 


12 45 


22 


1 28 


52 


3 28 


28018 40 


22 


330 ; 22 


5 30 


52 


13 


23 


1 32 


53 


3 32 


290 19 20 


23 


345; 23 


5 45 


53 


13 15 


24 


1 36 


54 


3 36 


300 20 


24 


360, 24 


6 


54 


13 30 


25 


1 40 


55 


3 40 
3 44 


310 
320 


20 40 


25 
26 


375 i 25 

, 1 


6 15 
a 30 


55 
56 


13 45 


26 


1 44 


56 


21 20 


390 


26 


14 


27 


1 48 


57 


3 48 


330 22 


27 


405 


27 


6 45 


57 


14 15 


28 


1 52 


68 


3 52 


340 22 40 


28 


420' 28 


7 


58- 


14 30 


29 


t 56 


59 


3 56 


360 23 20 


29 


435 29 


7 15 


59 


14 45 


30 


2 


60 


4 


360 


24 


30 


450 


30 


7 30 


60 


15 
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TABLE IV. 

Showing the Latitude and Longitude of some of Uie principal Places in 
the United States, dec., with Sieir Distances firom the City of Wash- 
ington. 

7%e Longitudes are reckoned from Greenwich. 

7%e CapitaU (Seats of Gooerhment) of the States and Territories art 

designated hy Salic Letters, 



iUfrffny (Capital), N. V. 

Alcxandnai* ••••••• •••••••••• o. C 

AnnapoiiMy Md. 

Auburn, * N. Y. 

Augusta, "Ga. 

Augusta (Stale House), Me. 

Baltimore (Battle Monument), 'Md. 

Bangor (Court House), Me. 

Barnstable (Old Court House), •Mass. 

Jy^^^ V 1 ft t ••••••••••• •••••••••• P ^1 a E K 

B0ft1XA)f t* *•••••••••••••••••••• 9* W m 

Boston (State House), Mass. 

Bristol (Hotel),'* • R. I. 

Brooklyn (Navy Yard),* 'r N.Y. 

Brunswick (College), Ma< 

Cambridge (Harvard Hall),* • * 'Mass. 

Camden, S. C. 

Ganandaigua, N. Y. 

Gape Cod (Ught House), Mass 

Charleston (CJoJlege), S. C. 

Charlestown (Navy Yard),**- *Ma88. 

Cincinnati, Ohio. 

ColymbiOf &. a 

Cohtmbus^ Ohio. 

Ckmeord (State House). •••••*• 'N. H. 
Dedham (Court House),* •*•'*•• ^Mass. 

Demrii^ Mich. 

DonaidsonmBe, •' La. 

Dorchester ( Ast. Observatory), Mass. 

DKmsr, Del. 

]X)ver, •••*•« •••••••••••••••• 'N^. H. 

£aston<Court House), Md. 

Easiport, Me. 

Edenton,* •••••••••••••••••••• •N. C. 

Exeter, ^...s N.H. 

Frmnl^orU Ky. 

Fredericksburg,^ Va. 

Fridtnektofi^ ...•.*...•.».,... ,^. B. 

Frederickstown, * -Md, 

Georgetown, *••• •..•«..g, c. 

Gloucester, Mass. 

Greenfield, Mass. 

Hagerstown^* Md. 

Hafifax, ..N.8. 

Haltowell, Me. 

HairiAurgk, Pa. 

Marf^ordf Conn. 



Latitude 


Longitude, Wetit, 


Dist-.flom 


North. 


in degrees. 


jn ume. 


Wash'u. 


O 1 II 


O 1 II 


h. m. 8. 


miles. 


42 39 3 


73 44 49 


4 64 69.3 


376 


38 49 


77 4 


5 8 16 


6 


39 


76 43 


5 6 52 


37 


42 56 


76 28 


5 5 52 


339 


33 38 


81 54 


537 36 


, 580 


44 18 43 


69 50 


4 39 20 


595 


39 17 13 


76 37 60 


5 6 31.3 


38 


44 47 SO 


68 47 


4 35 ti 


661 


41 42 9 


70 16 


4 41 4 


466 


42 59 


78 13 


5 12 53 


370 


i2 25 


80 41 


5 22 44 


629 


42 21 15 


71 4 


4 44 lti.6 


433 


41 39 58 


71 19 


4 46 36 


409 


40 41 50 


73 50 30 


4 55 58 


227 


43 53 


69 55 1 


4 39 40.1 


568 


42 58 


78 55 


5 15 40 


376 


42 39 15 


71 7 96 


4 44 20.7 


431 


34 17 


8030 


5 23 12 


. 407 


42 54 


77 17 


5 9 8 


206 


42 2 16 


70 4 


4 40 16 


507 


32 47 


80 OfiS 


5 20 3.5 


544 


42 23 


71 3 33 


4 44 142 


433 


39 6 


84 23 


5 37 28 


407 


33 57 


81 7 


534 28 


600 


39 47 


Si 3 


5 32 12 


306 


43 12 29 


71 99 


4 55 56 


474 


42 16 


VI 11 


444 44 


432 


43 34 


83 58 


5 31 52 


536 


30 3 


91 2 


6 4 8 


1278 


43 19 16 


71 4 15 


4 44 17 


432 


39 10 


75 30 


5 2 


114 


43 13 


70 64 


4 43 36 


490 


18 46 10 


76 8 


5 4 32 


80 


44 54 


66 56 


427 44 


778 


36 


77 7 


5 28 28 


384 


43 58 


70 56 


4 43 40 


474 


38 14 


84 40 


538 40 


551 


38 34 


7738 


5 10 32 


56 


46 3 


66 45 


4 37 




39 34 


77 18 


5 12 


43 


33 31 


79 17 


5 17 « 


483 


43 36 


70 40 


443 40 


463 


43 37 


ri36 


450 24 


896 


99 37 


7735 


5 10 20 


68 


44 39 20 


63 36 40 


4 14 3r 


938 


44 17 


69 60 


4 39 30 


693 


40 16 


76 50 


6 720 


110 


|414« 


72 50 


4 6190 


336 



338 
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HudlMI* •••••■•«••••>•••«••••• PI • Y • 

Hanuville. « Ala. 

Indianapwty Ind. 

JaelaoH, JTpi. 

JefenoHy aTun. 

K!ennebBnk, Me. 

Kinntoiit U.C. 

KnoxTillc, Tcnn. 

Laooasler, P*- 

hoxiaaflofi, Ky. 

LittUBaek, Ark 

Lockport, N. Y. 

Loaitville, Ky. 

Lowell (St. Ann*i Ck«rch),*>>*MaM. 

Lynehbargh, "Va. 

Lynn, ^ M»a». 

Marblehead, Maes. 

Middietown, • CJonn. 

MUMgeoUU,'" Ga. 

Mobile, Ala. 

Montp^mr, Vu 

MonomoT* Point Light, Maas. 

Montreal, L. C. 

Nantucket (Town Hall), Mast. 

NatkviOe, • Tenn. 

Natehes. (Cattle), BPpi- 

Newark, N.J. 

New Bedford (Marinen' Ch.), -Mafti 

Newbern, N.C. 

Ne wborgh, ••••••••«•••••••••• N. Y. 

Newburyport (Id Prei. Ch.),* ••Maes. 

Newcastle, Del. 

New Haven (College), Conn. 

New London, Conn. 

New Orleans (City), La. 

Newport, R.I. 

New York (City Hall), N. Y. 

Norfolk (Farmer*! Bank), • Va. 

Northampton (Mansion HouM),MaM. 

Norwich, Coim. 

Peniacola, Fla. 

Pelerfbnrgh, Va. 

Philadelphia (Independ. Hall),* Pa. 

Pittfburgh, Pa. 

Pittafielcr(Ut Cong. Chureh), • •Maes. 

Plattiburgh, • N. Y. 

Plymouth (Court Honte), Mass. 

Portland (Town House), Me. 

Portsmouth (Coori House), • • • •N. H. 

Poughkeepsie, •••• N. Y. 

Princeton, N.J. 

Fravidenee (Old Col.), R. I. 

Quebec (Castle), '^•••L.C. 

Saleigh, N.C. 

Biehmond (Capitol), Va. 

Rochester (R'r House), N. Y. 

Sable (Cape), Fla. 

Sackett*s Harbor, N. Y. 

Saco, <*«Me. 

St. Augustine, Fla. 

St. Louis, M'li 



tAtitode 


Longitude, Weit, 


Dtstfrom 


North. 


in degrees. 


mlime. 


Waah>n. 


o / // 


Q / // 


li.m. s. 


miles. 


42 14 


73 46 


455 4 


846 


34 36 


86 67 


5 47 48 


726 


39 56 


8S 6 


5 44 20 


673 


32 33 


90 8 


6 033 


1035 


38 36 


92 8 


6 832 


980 


43 as 


70 32 


443 8 


518 


44 8 


76 40 


5 640 


456 


35 59 


83 54 


5 35 36 


616 


40 336 


76 20 83 


6 5 83.2 


109 


36 6 


84 18 


5 87 13 


534 


34 40 


92 13 


6 848 


1068 


43 11 


78 46 


5 15 4 


403 


38 8 


86 30 


6 43 


59Q 


42 38 46 


71 18 46 


4 45 15 


4.^ 


37 36 


7933 


6 17 36 


198 


42 38 


70 57 . 


4 43 49 


441 


42 80 


70 63. 


443 96 


.460 


41 34 


79 39 


4 50 36 


825 


33 7 


83 20 


6 38 20 


643 


30 40 


88 11 


6 52 44 


1038 


44 17 


72 36 


4 50 24 


624 


41 33 68 


70 1 31 


4 40 6.1 


50O 


46 31 


73 36 


4 64 80 


QUI 


41 16 33 


70 743 


4 40 80.8 


500 


36 030 


8640 3 


6 47 16.2 


714 


31 34 


91 34 42 


6 538.8 


1146 


40 45 


74 10 


4 56 40 


316 


41 38 7 


70 56 


4 48 44 


428 


36 30 


77 5 


6 830 


387 


4131 


74 1 


466 4 


888 


43 48 30 


70 63 


443 38 


466 


80 40 


75 8d 


6 3 8 


103 


41 17 58 


72 57 46 


4 61 61.1 


301 


41 23 


73 


448 85 


354 


29 57 46 


90 6 49 


6 37.3 


1808 


41 39 


71 31 14 


4 45 24.0 


408 


40 43 40 


74 1 8 


4 56 4.5 


896 


36 60 60^ 


76 18 47 


6 5 15.1 


817 


43 18 56 


73 40 


450 40 


376 


41 33 


73 7 


448 88 


808 


SO 38 


sr l» 


5 48 48, 


1060 


37 13 54 


77 30 


6 980 


144 


30 66 60 


75 10 60 


6 43.9 


186 


40 33 


30 8 


5 20 83 


328 


42 26 69 


73 17 30 


4 63 10 


3S0 


44 43 


73 28 


4 63 44 


639 


41 67 IS 


70 42 10 


4^50 


439 


43 39 36 


70 30 30 


4 41 32 


648 


43 464 


70 46 


443 


491 


41 41 


73 56 


4 55 40 


301 


40 22 


74 35 


4 56 80 


177 


41 49 36 


71 36 66 


4 46 48.7 


394 


46 47 n 


70 56 81 


4 4S40.1 


781 


36 47 


78 48 


5 15 12 


986 


37 33 17 


77 36 38 


5 9 40.9 


122 


43 8 17 


77 61 


5 11 94 


361 


34 60 


81 16 


5 25 


-~ 


43 66 


76ffr 


6 348 


407 


43 31 


70 96 


4 41 44 


688 


29 48 30 


81 35 


686 80 


841 


38 86 


89 86 


656 94 


866 
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Salem (£. I. M. Hall), .Mais. 

Savannah, Ga. 

8choii6ctady, ••••••••••••••••• N. Y. 

forinaftekl (Court Hoqm),** •••Mass. 

TaUaJuusee^ Fla. 

Taunton (Court House), Mass. 

Toronto (York), U. C. 

XVmtoft, .•••••••••••••••••••• "N. J. 

TtuealooMOj Ala 

University of Virginia, Va. 

Utica (Dutch Church). N. Y. 

VandaUa, 111. 

Ve vay , • Ind. 

Vincennes, Uid. 

Wabhikoton (Capitol), D. C. 

Washington, ♦ M'pi. 

Wheeling, Va. 

Wilmington, Del. 

^Vilmington, » • 'N. C. 

Worcester (Ant. Hall), Mass. 

York, Me. 

York, Pa. 



{latitude 


Longitude, West, 


Dist. from 


NortA. 


in degrees. 


in ume. 


Wash'n. 


a 1 It 


o / // 


h ra. s. 


miles. 


42 31 10 


70 64 


4 43 36 


446 


33 2 


81 a 


5 24 12 


662 


42 48 


73 66 


4 56 40 


391 


42 668 


72 36 


4 50 24 


357 


30!^ 


84 36 


5 38 24 


896 


41 64 


71 60 


4 44 20 


415 


43 33 


79 20 


6 17 20 


500 


40 14 


74 39 


4 58 36 


160 


42 44 


78 40 


4 54 40 


383 


33 12 


87 42 


5 60 48 . 


858 


38 S 3 


78 31 89 


5 14 5.9 


124 


43 6 49 


76 13 


5 52 


383 


36 50 


89 2 


5 56 8 


781 


88 46 


84 60 


5 39 56 


556 


38 43 


87 26 


6 40 40 


1603 


38 68 64 


77 1 48 


6 8 7.2 


^ 


31 36 


01 20 


6 5 20 


146 


40 7 


80 42 


6 22 48 


264 


S9 41 


76 28 


6 1 52 


106 


34 11 


78 10 


5 12 40 


416 


42 16 9 


71 40 


4 47 16 


.394 


43 10 


70 40 


4 42 40 


600 


39 58 


78 40 


ft 6 40 


87 
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HUNTINGTON AND SAVAGE, 

VUBUtH THB FOLLOWINQ 

VALUABLE SCHOOL BOOKS. 

To which they Terr respectfully lolicit the attention of County and Town 
Superintendents, Truatees, Sebool Committees, Tdacheia, and others inter- 
ested in the cause of education. 



AN ELEMENTARY ASTRONOMY, 

For Academies and Schools. Illustrated by numerous original colored 
diagrams. Adapted to use with or watbeut the author's Large Maps. 

By H. MATTI80N. 

Fifth Edition, with Questions and a Glossary. 

Thk is one of tiie most comprehensive and splendidly illustrated works 
en Astronomy that has ever been published in the United States. Its plan is 
eminently original and philosophical. It is confined to the juctt of toe sci- 
ence, or the resvU* that nave been reached during the lapse of ages, without 
delineating fts Mythological history, or tracing the processes by which these 
facts have been ascertained, either by the use of ins^ments, or by mathe- 
matical c^culatione. It embodies all the late discoveries, and is equally 
adapted to private learners, the library, and the schoolroom, as it is com- 
plete is ilseU independent of the large charts. As a book of reference it is 
invaluable. To this may be added its perfect adaptation to use mUh the large 
Maps, (of which the illustrations in the book are exact <Sopies in miniature,) 
so that the learner having the Maps, has on a large scale the same diagrams 
t)j which to illustrate the lesson at the recitation, that have been previously 
studied by the pupil in the text-book. To say nothing of the recommenda- 
tions that follow, the sale of ten thmuani capita of this work, in a Uttle over a 
year, is a sufficient proof of its popularity and intrinsic value. 

A8TRONOMIOAL MAPS, 

Adapted to use with the *' ELiwBifTAmT Asteohomt,'* and designed to illus- 
trate the Mechanism of the Heavens. ¥of the use of Public Lecturers, 
Private Learners, Academies, and Schools. 

By H. MATTISON. 

This series consists of Sixteen Maps, or Celestial Charts, each 36 by 44 
inches, representing the various appearances of the Heavenly Bodies^the 
Sun, Moon, Planels, Comets, and Fixed Stars— and illustrating the laws 
which govern them in their motions, the philosophy of Tides, Eclipses, and 
Transits, and indeed all the most interestiDg and wonderful phenomena ot 
the Mechanism of the Heavens. The sixteen Maps cover an area of nearly 
SOO square feet. They are printed upon a black ground, answering to the 
natural a|H;>earance of the heavens in the night, and are beautifully colored 
and mounted upon slats and rollers. They are beyond comparison the most 
splendid and complete series of scientific charts ever published in this coun- 
try. They are not only invaluable for Seminaries, Academies, and the higher 
institutions of learning, but at the same time are admirably adapted to pop- 
ular use in Common Schools. One thtnuand seU of this wor^ have already 
been sold and gone into use in different parts of the country ; and the una- 
nimity and cordiality with which they are commended by all who have used 
or examinM them, is tnilt gratifying to the publilhers. (See following page.) 

Maps, peraet, in cms, with oloth backa, ^ 00 

" " " on strong papeif withoiit cloth badu, 15 00 

Books per copjr 50 

9^ Each Set of Maps is nicely packed in a Wooden Case, and can be 
sent to order with perfect safety to any part of the United States or Canada 
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Tk§ MiUmtitm of SuperuUendenU of Seho^t TVmfteet, tmd 
TotukerOf U rtopeetffdUf mmted to tkeJoUmomg 

RECOMMENDATIONS 

Of tbe <• Blemcntairy A«tronoiiiy,** and ** AgtromiMt«il 

*9 



HaThijr examined, and several of vm used, the ELmsMTAKT 
TBOMOMT and AsTEONOMiCAi. Mavp, by H. Mattison, we are prepared 
to say, that in our opinion, they are better adapted to the poipose* 
of elementary instmction in Astronomy, than any othw woric or i^ 
paratns now before the pnblic. We would therefore ooidially re* 
commend their introductiou into all schools where this suhhme seienoe 
ii taught 

EDWARD COOPER, SeCy of Teachers' AssoeiatioB, state N. T. 

ALBERT D. WRIGHT. Principal Nonnal Inst., Brooklyn, N. Y. 

JAS. L. McELLIGOTT, Prin. Col. School, N. T. city. 

JAS. R. BOYD, Prin. JeiTerson oo. Inst.. Watertown, N. Y. 

R. K. 8ANF0RD, Teacher Natural Science, Middlebuiy Academy, 

Wyoming, N. Y. 
N. BRITTAN, Principal of Union School, Lyons, N. Y. 
R. F. HIC&S, County Supt., Livingston eo., si. Y. 
ALONZO BEE BE, County Supt., Ontario co., N. Y. 
HENRY OILLAM, former teacher of Math. Cayuga Academy, N.T 
B. R. McALPINE, Supt. of Public Schools, Rochester, N. Y. 
ELLERY 8. TREAT, Prin. Pub. School No. 1, Rochester, N. Y. 
WM. BARNES, " - 

A. F. HALL. 

REUBEN JOHNSON, " 
DANIEL HALLOC&, ** 
A. S GREOORY ** 

H. G. WIN8L0\^, Prin. Union School, Mount" korris, N. Y. 
8. P. BARKER, Prin. Public School No. 10, Brockport, N. Y. 
O. L. FARNAM. Prin. Public Schdol No. S, Watertown, N. Y. 
G. R. JACKSON, Teacher, Oswego, N. Y. 
h PATTERSON, Prin. Public School No. 4, N. Y. city. 
JULlA B. CLARKE, Teacher of Public School No. 1, Oswogo, N. Y. 
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From pROf . MrronL, Dirtctor of the Cineimuiti Ohoervatory, 
In a note'to the pubiishers, Frofl M. says: 

*' Your series of Maps are hung up in the pablie reception-foom of 
the observatory. I am much pleased with your plan of speaking .to 
the eye ; and am confident that these maps will soon find their way 
into every weil<KM>nducted school." 
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JP^om Pitor. Caiwiix, of Brown Univertity, and'N. Biwop, £aa.» 

SupeiintendetU of Public SchqfiU in Providence, It. L 

*»• 

From a brief •zammation of Mr. Mattiioii'a ** Eleme&tary Astnin- 
omy,** and the accompanying Maps, we have formed a fayoraUe 
opinion of thekr utility to pa^b in that branch of stady, and haye 
recommended their introduction into the High School of the city of 
Pkovidenoe. 

March 11, 1847. 



From RiT. Siorau) S. Run, Commueioner of PubUe 8ckooU for 

the State of New Hamp§hire» 

I have examined with great pleasure, Mr. Mattiion'e Elementary 
Astronomy, and Astronomical Maps, and I think them admirably 
adapted to amet the attention of the young, and to impart thorough 
and practical knowledge in the sublime study of Astronomy. 

I admire the arrangement and classification of the Astronomy. It 
explains and illustrates one thing at a time, in a manner so clear and 
interesting, that it cannot fail of entertaining and improying the student 

In yiew of the excellencies of the Elementary Astronomy, and 
Maps, I most cheerfully commend them to an intelligent public, 
hoping that they will meet with all that success which their merits so 
richly deserve. 

Jfar.18, 1847. 



From Rsv. Samuil H. Cox, D. D., of Brooklyn, N. F. 

These Maps, mathematical and optical, illustrate the noblest parts 
of that incomparable science ; they are accompanied by an explana- 
tory vdmne, adapted to them, Iqcidly arranged, all forming, I think, 
an apparatus for the learner and the scholar, of rare excellence* and 
enduring usefulness. Results and processes are there combined, re* 
duoed to system, and digested consecutively in happy order ; compe- 
tent to instnict the merchant, the mechanic, the farmer, the inquisi- 
tive youth, the gentleman of leisure, and aQ others who aspire after 
sublime knowledge, and are willing sometimes to look at the heavens. 
Ladies who vahie true knowledge, and who have learned how to 
think — and ther^ are some of this description — will prize such instru- 
mental helps to the acquisition of sound and rich information in As- 
tronomy. As a work of reference, a theeaurue of knowledge, a 
profitable amusement, or an ornamental pursuit, it would greatly 
honor as well as happily form their mental^character, and subordinate 
the very gems of heaven to their proper decoration as intellectual and 
hnmortal beings. I need not add it is very valuable for schools, and 
deserves the patronage of our countrymen, as a native production. I 
sincerely desire, as well as anticipate its success. 

JtfayG, 1847. 
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THE 

QEOQRAPHY OF THE HEAVENS, 

AND CLASS-BOOK OF ASTRONOXT. 
1 voL 18bk>. 
a Celeitial AUaa, imperial 4to., neotlf oiUored. 



4a adminbte work to follow the ** BLsnif TAar An^oMomr** ahb '*As- 
TBoNOMicAL Maps." The two works tosether present a more thorourii 
embodimeat of the sdeace than any others of the same compass, in me 
oouBtry. 

ooHTBirrs OP ths atlas. 

1. Plan exhibitins the relative Mf^^nitudes, Distanqes, and Position of the 

different Bodies whic^ compose the Solar System. 
S. The Visible Heavens in January, February, and March. 
t. The Visible Heavens in October, November, and December. 

4. The Visible Heavens in July. August, and September. 

5. The Visible Heavens in April, Hay, and June. 

0. The Visible Heavens in tne South Polar Regions, for each month in 
theyear. 

7. The visible Heavens in the Nwth Polar Regions, for eadi month in 

the year. 

8. Planisphere of the VThole Heavens, on Mercator's Projection. 

Bt E. a. BURRITT, A. M. 

With an Introduction by Thomas Dick, LL. D., Author of the ** Christian 
Philosopher," written expressly for this work. 

A variety of interesting foots and observations, embracing the latest im- 

Eovements in the science, were derived directly from the French and Eng- 
h Observatories, expressbg for this Class-Book, and are not contained m 
any other. It is now eoming generally into use in our principal Seminaries, 
and is recommended to schools in general by members of the Board of Ex- 
amination of Yale College, as a work more needed, and which, it is be> 
lieved, will be more useml than any other introduced into our ** Institutions 
of Learning, for a number of years.** 

This book, as its title imports, is designed to be to the starry heavens 
what geography is to the earth. Such a Class-Book has long been needed. 
Hitherto, the science of the stars has been but very supesficially studied in 
our schools, for want of proper helps. They have contmued to gaze upon 
the visible heavens without comprehending what they saw. They have 
cast a vacant eye upon the splendid pages of that vast volume which the 
night unfoldst as children amuse themselves with a book which they are 
unahle to read. They have caught, here and there, as it were, a capital 
letter, or a picture, but they have lioiled to distinguish those smaller eharao- 
ters, on which the sense of the whole depends. Both teachers and pupils 
have found that Class- Books and Maps are as mdispensable to this depart- 
ment of knowledge, as to that of Geography ; and thar an artificial globe is 
just as poor a substitute in one case as in the other. Instead of the globe, 
and a few balls strung upon wires, Mr. Burritt's book and Alias introduces 
the pupil at once to the Grand Orrery of the Heavens, and makes him 
acquainted with the names and positions of the bodies which compose % 
He learns to looatt and to eUunfy his astronomical knowledge as he dues hie 
geographical ; and experience has proved that a child of ten years will trace 
out all the constellations that are visible In the heavens, and name the 
principal stars in each, pa readily a6 he will learn the Uiundaries of tfaB 
States from a map, and name the cities they contain. 
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A NATIONAL 6E08RAPHY FOR SCHOOLS, 

nimtntad by S80 Engravings and 00 Stylographic Maps ; with a colored 

Olobb Map, on ▲ Miw pulk. 

One Tol. quarto. 

New and improved edition. 

I. 

Br S. 6. GOODRICH, Author of Peter Farley's Tales. 

This work is designed as a 9ekool-book-'A manual for tiaeki$tg; and nothing 
u the iR ork is allowed to interfere with this design. At the same time, from 
the arran§[ement adopted, it will be found to contain a great quantity of 
matter wlueh will render it a convenient family book for reference. Its 
utility, in this respect, will be enhanced by the index at the close of the 
volume. 

SimpKeUf, ptnpumifft end amvemence have been caref\iUy studied in the 
arrangement of the whole work. Thus the typography, especially that 
which contains the leading Ideas of each lesson, is clear and conspicuous ; 
the lettering of tiie maps is peculiarly full and distinct ; the whole view of ' 
each country is brought together, so as not to embarrass the reader by a 
reference to separate pagee, or separate tables ; distinct maps of the prin , 
cipal countries are giVen, and care nas been taken not to fill them with un 
important names, which may bewilder the student, and render all his ac- 
quisitions obsoure and imperfect. Too many of the popular schooUbooka 
on this subject are made to compass two Meets ; to combine a universal 
geonwphj and a school geography in one. Both objects are not, therefore, 
well attained, for while there is not enough for the former, there is too 
much for the latter : the conseauence is inconvenience and embarrassment 
to the teacher— increased stuay and labor to 'the pupil, while he is im- 
perfectly instructed, if not actually injured in his habits of study. The 
maps and text of this work contain quite as much of detail as the pupil can 
remember. The design -has been to embrace just so much, that, if well 
studied, the pupil will carry in his mind clear and distinct images of the 
forms of countries, courses of rivers, location of towns, cities, dus., so that 
every country, with its leading features, can be and will be permanently 
mapped on his mind. 

In respect to maps a new and useful device has been adopted, which we 
entitle a Glob* Map. TluJB, of necessity is separate from the pages referring 
to it, but its great utility and convenience, in the way it is to be used, can- 
not fail to strike every practical teacher. It has a handle, and with a imodel 
of the globe m ku hand^ the pupil is taught the various naiUes given to the 
aivisions of land and water, the shapes of oceans and continents, and the 
relative positions of countries and places upon the face of the earth. 
It is. In snort, a substitute for an artifinal globe, with the advantage of being 
«>asiiy handled, and constantly before the eye, during the early stages <n 
the study. 

As a means of rendering the progress of the pupil at once agreeable- and 
effective, the author has endeavored to invest the subject with every de- 
gree of interest of which it is capable. He has sought to keep the attention 
alive by vivid descriptions ; and, in order to convey accurate impressions of 
visible objects, he has introduced a larger number of illustrative engravings 
than have ever appeared in a similar treatise. Every one knows that mere 
words are incapable of conveying correct and distinct ideas of animals; 
and that a simple cut of a lion, for instance, will be more useful in giving 
an impression of his form and aspect, than a whole volume of verbal de- 
ecrip&on. The same may be said or the countenances and costumes of 
various nations ; of the peculiar modes of building, travelliAg» worshin>ing« 
kjc. The engravings, therefore, ore not introduce as mere embellishmeniip 
and allurements to the pupil, but as an efficient and essential toaroe of ooi 
«Mt information. 
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PETER PARLEY*8 NEW QEOQRAPHY FOR 

BEQINNER8. 

bound in ■ttfooTcn. 




ftWOTeneedlaa to tpt^koithB Ibttdtf of •tyls.orof Uie 
and pmrtleal netbod in whieb P«t6r Paruy p waenit to tke ▼ 
ieeto o# which h« writof. Notwittutanding oUier works of the bnd tanTo 
Veen imed, thii ttttl* work, man foil and aeeonto ttun viy, continiiM to 
BUik* its wmy in all plnoM wliere improreinents in primary education are 
floiaf forward. It has been reprinted in "ig***^. and la extonsiTelj used 
tbroiighoat that ooontry snd Canada: it has oesn tianalated into Freoeiv 
and is much used in France ; it has been published in Greek, and introdaced 
to 90,000 youth of that nation. U has slso been translated by the miasioannes 
in Persia, and introduced into their schocris, and has been man reoentlT re> 
printed in Sidner, New South Wales. This fordgn nse. is endence or the 
raloe and popmaiity of the work ; yet it is to be reflected that we have no 
oopyijglit law to giTe authors and poolishers the beneit of soeh 



FAMILIAR LECTURES ON BOTANY, 

PRACTICAL, ELEMENTARY, AND PHTSiOLOGICAL: 

With a New and Foil Description of the Plants of Om United Statoa, and 

ColtiTated Exotics, *c For the Use of Sendnaiies, Privato 

tttoMintM, and Pradtoal Botanlrta. 

Bt MRS. A H. LINCOLN,-now MRS. PHELPS, 

PBinOIPAL OV ra> FATAPSOO VEMAIM IVSTITVTI 09 UAMYLAm. 

New Edition, rerised and enlarged. 1 voL imperial ISmo. 

In the prssent edition of this work, in compliance with the request of many 
teachers, the '* Descriptions of Genera and Species'* are now made to m- 
dade all those natire and forei^ plants wluch the papO will be likely to 
meet with in any part of the Umted States. The antnor has been anxious 
not to omit Sonthem and Westom plants of any interest, and large additions 
onder this head hare been made. Shoold teachers, or students, obeerre 
such omisiions, communications on the subject, made to the author, would 
be gratefidly receiTed. The author has now thorousfalr rerised the aeecrip- 
tions of plants. For the numerous additions made me is Indebted to sereral 
American works, especially to the ** Botany of the Northern and Middle 
States," by Dr. Beck ; and also to the descrmtions of Torry, Bigelow, and 
EUiot For foreign (dants. Baton's and WrighTs Manual. Withering*s Brit- 
ish Plants, Loudon's Encyclopediaa* and some other works, haTe been con- 
sulted. 

For eleamess, simplicity, and philosophic precisloiL there are few school- 
books wluch holds more pre-emnwnt rank than Mri. Lincoln's Botany: few 
certaintf have a wider and more justly desenred popularity. The work is 
diTided mto Fovn Pabts~ 

1st. The Analysis of Plants, or Lessons in Practical Botany. 

td. The Organs, of Plants, oeginning with the Root, and ascendina to the 
Flower ; or what is termed EliiRnTAar Botavt, and Vegetahw Fhy- 
•iology. 

M. The dlArsnt Sf^trnt ot Bofssy, and the most important ifalaral fharf- 
^iMVthe most interssling genera snd funilies found under each Claas and 

4th.'The ppogieasive aimeaia ace of Flowers in the Season of BlooaBfii«x 
the Phenoasena produced oy the diiforent states of Light, Atmosphere, ^to. ; 
flengiaphisal Duttibutioii. 
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Hiftonr of Botanical Science, and toe Analogies and Gonteaata betwMB 
omnixed and unorganised matter in Nature. 

A distinguished and experienced teacher in natural science says of this 
worju— " ''ar from depreciating other works on this subject, r think my re- 
majf^will not be invidious, when I say, ^hat I think it far better adapted to 
thWfrposes of Elementary Instruction in the science than any I hare seen. 
I am nnuch delighted with the easy and natural method by which it intro- 
duces the schohtf to a knowledge of the first principles of the science, and 
the strict lAdloeophical arrangement it emplsys in impaitinff instruction. 
The wliole work has the impress of one practically acquaintea with tiie art 
of teaching, and adds another proof to the inany already existing, that in- 
structors of intelligence are generally better qualified to prepare elementary 
works than those who have never nad any experience in the business of 
teaching." 
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DBSIGlfBD FOR PRIKART AND COMMON SCHOOLS, 

BOTANY FOR BEGINNERS. 

AN IMTEODironON TO HBO. UNCOUl't BOTANT. 

Bt MRS. LINCOLN PHELPS. 
1 ToL 18mo. pp. 150. 

This book is intended dkiefly for the use of primary schools and the 
younger pupils in higher schools and seminaries. So much has, of late, 
been uraed by those who take an interest in the subject of education, in 
faror of introducing the Natural Sciences into Common Schools, that it is 
to be hoped that the time is not far distant when plants and minerals viU be 
as familiar objects of study in our district school-house as the spelling-book 
now is. Pertiaps some parent or teacher may be ready to inquire, whether 
it is reeommended that such studies shall take the idace of reading, spiling, 
or writing I by no means ; but every teacher knows that there are many 
listless and Tacant moments when even the most active of Ins pupils seem 
tired of their monotonous pursuits; habit and respect for their teacher may 
lead them to sit still and do no mischief ; but it is not difficult to perceive, 
by the heary eye and inanimate countenance, that the intellect slumbers. 
These are the moments when the experienced teacher feels the need of 
some new stimulant. Instead then of saying, ** J<rim, or Lucy, you have 
been sitting idle this half hour, why dont ypu mind your book 1" he who 
understands the human mind is aware that tms is the very way stiU more to 
disgust his pupil, and he will assuredly be ready with some new method of 
awakening attention. Sunxise, then, instead of a rebuke for idleness, the 
teacher should kindly address his pupil as follows : ** Yon have been so long 
engaged upon a certain set of studies, that I perceive they have become tire- 
some ; I think of introducing a new study into the school ; to-morrow Jskatt 
gw* m Itetun m B^tmt; you may therefore bring wiUi you to-morrow all tne 
wild lilies, or violets, or any kmd of common wUd flower that yon can find 
in the fields." The eifect, any one at all accustomed to the care of children 
will readily understand. But it may be said, " there are many teachers who 
are not capable of giving a lecture upon botany." To this it may be an- 
swered that eveiT teacher who is in any degree fit to be such can use the 
** Botany for Begmners," even though they never heard a lecture upon the 
snbject of botany ; it vrill teach him the leading principles, and he can ex- 
plain them to his pupils ; this will be Uetmmg wfom Botamf. 

Thousands are usug this littie work, and give the strongest testimony In 
ftsfovor. 

The fucoesmrof Miss Beeoher in the Hartford Female Seminary says^» 
^ It is a clear, simple, and interesting exhibition of the principles of an ea 
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ttityoing Mtonoe, adapted to the comprehension of children, for whon ^ is 
designed, end fully cajole of preparieg them for a more extended trea^ **: 
It is particularly recommended^ the instructors, of our common schooL , ^ 
an interestinir employment for the leisure hours of their scholars ; as *« 
mothers, as an assistant to them in the great work of storixig their childi»<ix^i 
minds with the knowledge of the works of their Creator." 



PHELP8' NATURAL PHILOSOPHY, 

VOR THB vat OV aOHOOLfl, A0ADIMIK8, AND^ PBIVATI VrUI>SMT& 

* 

Illustrated with numerous Engrarings from original designs. 

Bt MRS. LINCOLN PHELPS. 

New Edition. I toL ISmo. 

PHELP8' PHILOSOPHY FOR BEGINNERS. 

I vol. 18mo. 

A teacher of much experience, and Principal of one of our flrst Academiee 
says of these works !— 

" The subject is treated in a manner highly scientific t the engraTings de- 
signed for illustrating the text are happily chosen and executed ; and a de- 
gree of freshness penrades the whole won which cannot but impart life and 
animation to the student of its iMges. But more than all, we rsjoice to see 
4 healthy moral feeling dimming its fragrance over the whole." 

PHELPS' CHEMISTRY. 

New Edition. 1 toL ISma 

Phelps' chemistry for beginners. 

1 ToL 18mo. 

Professor Caswell, of Brown University, having examined some of th« 
most important chapters of these works, says :~<* The principles of the 
science appear to be stated with brevity and clearness, and are hapiulj illu» 
trated by familiar and weU-eelected examples.** 



UmVBRSriT BDmON 

DR. WEBSTER'S DICTIONARY: 

Abridged from the quarto American Dictionary, with Walker's Key to the 
Pronunciation of Oreek, Latin, and Scripture Propeit- Names, etc. With 
a Memoir and Bust of the Author. 1 voL royal duodedmo. SM pages. 

WEBSTER'S high-school DICTIONARY. 

ISmo. 800 pages. 

The design of this volume is to fiimish a vocabulary of the more common 
words, which constitute the body of our language, with numerous technical 
terms in the Sciences and Arts, and many words and phrases from other 
languages, which are often met with in English books, with a brief defini- 
iioD of each ; to which is added an accented vocabulary of CLASSICAL, 
SCRIPTURE, and MODERN GEOGRAPHIC NAMES. The Ortho^ft- 
phy and Pronunciation are made to correspond closely with those edituma 
of the work of the author recently revised under the eaitorship of Pntfe^sor 
GooDEicH, of Yale CoUege. -^ 
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WEBSTER'S PEIIART SCIOOX FR0j«00liGIN6 DIGTIOMRT. 

With Accented Vocabularies of Claancal, Scripture^ and Modem Geogra< 
phical Proper Names. Square lOmo. New edition, revised and en* 
iaiied, conesponding in orthography to the large work of Dr. Webster. 

This work eihbraees about ten thousand more words than Walker*8 School 
Dictionarf, and is especially recommended to the attention of teachers. 

Also— POCKET EDITION, in sereral Styles of binding-Hsloth, tuc^ gilt 

I and gilt embossed. 

This last is a yocahulair of the most important words of our language, 
both oommcm and scienUfie, with a concise, piimitiTe definition ot each 
word, followed by the derivations of the same word,— thus presenting the 
two features in one, of a defining Dicticmarr, and one of the Synonyms. 

The following Testimonial is subscribed by a large number of the most 
distinguished men of our country : 

" The subscribers highly appreciate Dr. Webster's purpose and attempt to 
improve the Enalish language, by rendering its orthography more simple, 
regular, and unirorm, and by removing difiSculties arising from its anomalies. 
It IS Tery desira]>le that one standard dictionary should be used by the nu' 
merous millions of people who are to inhabit the vast extent of territory be* 
longing to the United states ; as the use of such a standard may prevent the 
formation of dialects in states remote from each other, and impress upon 
the language umftrmitv and »taiihty. It is desirable, also, that the acquisi- 
tion of the language should be rendered easy, not only to our own citizens, 
but to foreigners who wish to gain access to the rich stores of science which 
it contains. We rejoice that the Ameriem DieHonay bids flair to become 
such a standard ; and we sincerely hope that the author's elementary books 
for primary schools and academies, wul commend themselves to the general 
use of our fellow-citizens." 



THE PRACTiSaL FRENCH TEACHER. 

Bt NORMAN PINNET, A. M. 

The leading peculiarity in this work is, that it exercises the student 
throughout in the constant practice of speaking. The preparation of every 
lesson is a preparation for neaking the language, ana every lesson is an 
actual conversation in it. These conversations, too, are progressive and 
systematic : commencing with the simplest elements of the language, and 
advancing by an easy process, to the more difficult. The whole has been 
prepared with a view to overcome the difficulties which an American meets 
m acquiring a knowledge of that so necessary part of a finished education. 
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THB FIB8T BOOK HT FBENOH ; or, A Practical Introduction to the 
Reading, Writing, and Speaking of the French Language. By Nomiam 

PlKlflT, A.M. 

PICTORIAL HISTORY OF TflE U. STATES, by S. G. Goodrich. 
PICTORIAL HI8TQRY OF FRANCE, by S. Gr. Goodmoh. 
PICTORIAL HISTORY OF ENGLAND, by S. G. GooDWca 

Pictorial history of rome. by s. g. Goodmch. 

PICTORIAL HISTORY OF GREECE, by S. G. Goodrich. 

The above series of histories, formerly published by Messrs. Sorin Jt BalU 
of Philadelphia, is very extensively introduced into both private and pubUa 
institutions throughout the Union. 
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ENGINEER'S 9l MECHANIC'S COMPANION | 

Cknupnaiiig Menroratioii of SuperHeea and Solida ; tablet of Squares mmI 

Cubes ; Square and Cube Roots ; Circumferenoe and Areas of Circies ; 

the Mechanical Powers ; of Steam and Steam Engines ; 

United Stales Weights and Measures, Ac. 

BT J. M. SCRIBNER, A. BC 

1 tol. 18mo., t40 pages. Morocco, gilt, with tucks. 
TUs work is highly recommended by several distinguished dril engineers 
and machinists ; an<C as a Manual for practical meehanios, is a work of 
great ralue. Besides the general topics already enumerated, it contains a 
▼ast amount of Taluable matter, in relation to Centres of Gravity ; GraTitai- 
tion of Bodies : Pendulums; SpeciAo Gravity of Bodies; Strength, Weight, 
and Crush of Materials ; Water wheels , Hydroatatics ; Hydraulics: Statics ; 
Centres of Percussion and Gyration ; Friction ; Heat ; Tables of Weights ot 
Metals; Pipes, Scantlings; Interest; IcclbC 

THE ENQINEEirs, CONTRACTOR% AND SURVEYORS 

POCKET TABLE-BBOK. 

BT J. M. 8CRIBNER, A.M. 
iM pages, 94mo. Tuck binding, with gilt edge. 

The abore work comprises Logarithms of Numbers, Logarithmic Sines 
and Tangents, Natural Smes and Natural Tangents ; the Traverse Table, and 
a tjXL and extensive set of tables, exhibiting at one view the nundber of Cu- 
bic Yards contained in any embankment or cutting, and for any base or slope 
of sides usual iu practice. Besides these essential tables, the work comprises 
50 pages more of Mensuration, Tables, Weighta of Iron, Strength of Mate- 
rials, Formulas, I>iagrams, etc., for layi% out Railroads, Canals, and 
Curves ; much of which has never before been offered to the public, and aU 
indispensabib to the engineer. This book will prove a great saving of time, 
and will enable the new beginner to furnish resulta to accurately (and with 
much greater rapidity) as the most experienced in the profession, without its 
aid. Tbe tables of logarithms, etc., have been carefttlly corrected and com- 
pared with different editions of the same tables ; and all the tables through- 
out the book have been read carefully by_ prooft four times ; hence the most 
implicit conlldenee may be placed in their correctness. 

KAME'S ELEMENTS OF ORITICISM. 

I voL 8vo. 
1^ The only edition which received the latest revision of the Anther. 

PRESTON'S BOOK-KEEPINQ, 

DOUBLB AND 8IN«LB BNTRT. 

PRESTON'S INTEREST TABLES | 

6 per cent— Large and Abridged. 7 per cent— Large and Abridged. 
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